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Introduction. 

The following studies were begun at the Zoological Station in 
Naples late in the Spring of 1885, and were continued with several in¬ 
terruptions until the following January. 

It is difficult to express my gratitude to the Director and Assistants 
of the Zoological Station for the personal kindness shown towards me; 
to do it in words would sound extravagant to those who did not under¬ 
stand the peculiar circumstances. It is with mingled feelings of hum¬ 
iliation and admiration, that I contrast the uncertain and hesitating 
support given by Americans to such a purely scientific under¬ 
taking, with the frank and generous manner in which Americans have 
been invariably treated by the Director of this institution. Whatever 
may be the reasons, or apologies that could be offered for such a con¬ 
dition, I sincerely hope and trust it will not remain so long. 

It was my intention, originally, to study the anatomy and develop¬ 
ment of the eye of Pecten , hoping to find some explanation for the 
presence of such a large number of highly developed eyes — if indeed 
they w T ere such — in an animal which, apparently, could make no special 
use of them. 

Accepting the modern theories of evolution, we are brought to a 
stand-still in attempting to apply this method of reasoning to the ori¬ 
gin of the eyes of Pecten . There can be no doubt that structurally, 
they are as perfectly adapted for seeing as those of the Cephalopods. 
But while tv 7 o eyes are sufficient for the latter animals, Pecten , whose 
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complex of activities is far less intricate, is provided with nearly fifty 
times as many! It is absurd to suppose that these inactive creatures, 
with hardly a trace of the higher animal functions, should need a hun¬ 
dred eyes. But if they are not necessary, how could they have been 
developed by natural selection? Even supposing them once developed, 
they must be an enormous vital expense for which the animal gets no 
return. Itis contrary to all our conceptions of evolution, to suppose that 
these expensive organs can be long sustained without some beneficial 
return to the animal. But they must have developed once, and we may 
be sure they did not spring into existence, Minerva-likc, armed with all 
the functional powers their complicated structures would indicate. What 
factors, then, could force the development of these organs to their 
present height, and sustain them there? That was the question which 
first induced me to study these eyes more closely; the facts related in 
the following pages furnish, I believe, a partial solution to the problem. 

I desire to say a word in justification of certain statements, to be 
made in the following paper, which may appear too dogmatical, or 
without sufficient foundation in fact. Iam, I believe, perfectly con¬ 
scious of the uncertain ground upon which I tread. That my statements 
concerning the original function of the ommatidia, ofthe eye, and of animal 
pigment, are positive, is just what I desired. Facts must be tested in two 
ways: first, by observation, and second, by their »touch-stone« proper¬ 
ties. An observation that explains nothing is no more a fact, than an 
explanation founded upon nothing. In this paper, I have attempted to 
apply the same principle. I consider my observations as worthless 
without their abetter halves«, the deductions. My observations have 
been tested by their ability to support reasonable deductions. It is 
not a theory that I have tried to make, nor observations, but to marry 
theory to observation, to obtain facts. 

Positive statements have been made for several reasons: first, for 
the benefit of the reader, that he may understand what I consider to be the 
signification of the observations; he may then reject, or accept them as 
he sees fit; secondly, because, I believe, to weigh an observation with 
this and with that, and after a long discussion come to the conclusion 
that we know nothing at all about it, only burdens to no purpose the al¬ 
ready overladen literature, and might better have been left undone. 

I hope the reader will treat my deductions in the same spirit that 
they were given, not as dogmatic statements, but as tests of observa¬ 
tions. 

From the unsatisfactory results obtained by the study of Pecten 
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alone, I was led into other fields where I should have been working still, 
if circumstances had not obliged me to bring this paper to a close. 

The arrangement of these pages does not follow the order in which 
the observations were made, nor any system, except that which appeared 
to lead up to a better understanding of the more complicated eyes. 

My studies upon the Arthropods have led me to conclusions as 
widely different from those of Grenacher as could possibly be the case, 
even in such complicated structures as the Arthropod eyes. I have the 
more faith in the observations, since they lead to the reduction of the 
essential parts of all visual organs to one structural plan, which can be 
followed through the whole animal kingdom, from the lowest to the 
highest. 

I have endeavored, first of all, to obtain as accurate a histological 
knowledge as possible of any one eye; upon this knowledge I have 
based my conclusions concerning those of other groups or genera. 

Grenacher’s ideas have received such universal acceptance, that it 
is almost entirely with him I have to deal. But my own observations, 
and the interpretation I put upon them, differ so widely from his, that 
it is impossible to accept his terminology without great confusion. When¬ 
ever it was possible, I used old names rather than invent new ones: but in 
many cases, I was obliged to adopt the latter course. In the follow¬ 
ing, the meaning of the new terms, and the added or modified signi¬ 
fication attached to the old, will be explained. 

In many places upon the Molluscan hypodermis, especially those 
parts exposed to the light, the cuticula is divided into two layers, an 
outer structureless one, the corneal cuticula, and an inner layer, 
the retinidial cuticula, filled with the retia terminalia, or 
ultimate ramifications of the hypodermic nerves. 

The ommatidia (PI. 32, figs. 128, 132 etc.), or structural ele¬ 
ments of all eyes, consist of from 2 to 4 colorless cells, the retino- 
pliorae ( n . rf), surrounded by a circle of pigmented ones, or re- 
tinulae ( pg .). 

The cuticular secretion of each cell forms a rod, containing a spe¬ 
cialized part of the retia terminalia, or re tin idium. 

In the more specialized ommatidia, the rods of the retinulae dis¬ 
appear, leaving the double (Molluscs, Worms etc.) and quadruple 
(crystalline cone of Arthropods) rods of the retinophorae. 

The apposed walls of the retinophorae disappear to a greater or 
less extent, so that the nerve fibres between the cells come to lie in 
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the centre of the group, and constitute the axial nerve (PI. 32, 
ax. n). 

The retinulac become modified at certain levels into pigmented 
swellings for the protection of corresponding parts of the retinophorae: 
the remaining parts arc reduced to colorless and hyaline rods, the ba¬ 
cilli be. 

The retinophorae in the Arthropods are expanded at their outer 
ends to form the calyx (fig. 123, c. c.) containing the crystalline cone. 
The attenuated inner ends are united to form a hollow tube, the style, 
(fig. 12S$£.); the expansion of the inner end of the style, the rhabdom 
of Grenacher, is called the pedicel [pel). 

The fused, membranous, outer continuations of the inner row of 
retinulae constitute the sheath of the calyx (fig. 128 rt~). 

The compound Arthropod eye consists of a double layer: a thin 
outer one, the corneal hypodermis, secreting the corneal facets (fig. 
12S c.hxj.)', and a thick inner, orommateal layer, consisting of the 
united ommatidia. 

A re tine u m (fig. 132) is a collection of ommatidia in which the 
retinidia of both retinulae and retinophorae, or of the latter alone, form a 
continuous layer, the retinulae retaining their pigment and primitive 
arrangement around the retinophorae: e. g. invaginate eyes of all Mol¬ 
luscs (except Pecten ). 

An ommateum (figs. 133 and 138) is a group of ommatidia in 
which the retinidia, produced by the retinophorae alone, are completely 
isolated: e. g. the compound eyes of Arthropods and Molluscs. A retina 
(fig. 140) is composed of a group of ommatidia in which the retinulae 
have lost their rods and are transformed into pigmentless ganglionic 
cells; e. g. Pecten and Vertebrates. 

The term ommerythrine, I have applied to the red pigment in 
all eyes, whether confined to the rods alone, to the retinulae, or to the 
underlying tape turn. 


Chapter I. Mollusca. 

Area. 

Area Noae , and in fact all the species of this genus which I have 
examined, are extremely timid animals, the slightest disturbance being 
sufficient to cause them to close their shells for two or three hours. 
One unconsciously associates with nearly all Molluscs great stupidity 
and sluggishness; I was, therefore, surprised to see how quickly speci- 
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mens of Area Noae closed their shells whenever a slight shadow was 
cast upon them. If, for instance, an aquarium containing one of these 
animals is placed in a room well lighted from both sides, and a hand 
put in front of the glass (care being taken to avoid any jar or shock to 
the water), a faint shadow will be cast on the animal, sufficient, in spite 
of its indistinctness, to cause it to close its shell with remarkable quick¬ 
ness, but always one or two seconds afterward, the promptitude depend¬ 
ing upon the depth of the shadow. The sensitiveness and rapidity of 
reaction depend also upon the vitality of the animals, always being less 
in those which have been for some time in confinement, yet still so great, 
that those kept two or three months in small aquaria, with no special 
provision for food, never failed to close the shell when a shadow vras 
thrown upon them. Still other simple experiments show that it is not 
necessary to cast a shadow upon them, in order to prove that they have 
organs specially sensitive to light. If. for instance, an ordinary, black 
lead pencil, or any other equally small object, is approached with ex¬ 
treme caution within two and a half or three inches of the anterior end 
of the open shell, and in such a position that no perceptible shadow 
falls upon the animal, it at once closes its shell, and with the same ener¬ 
gy as when a deep shadow is cast upon it. If, on the other hand, a glass 
rod is brought within the same distance of, or even much nearer to, the 
anterior end of the open shell, and moved quite rapidly to and fro, no 
effect is produced upon the mussel. The last experiment shows 
that, in the trial with the pencil, the closing of the shell was not pro¬ 
duced by the disturbance of the water, since in the former experiment 
care was used to avoid that effect, while in the latter, even a decided 
agitation produced no result. All three experiments — with the shadow, 
a small dark object, and a small transparent one, — were repeated at 
least twenty-five or thirty times with different animals, and under dif¬ 
ferent circumstances, and invariably gave the results related above. 
Moreover, I have watched the animals many times for extended periods, 
but have never seen them close the shell, unless startled by some sudden 
change in the intensity of light, or by shocks or disturbance of the water 
in which they were. 

I have not made any experiments upon Area barbata or A. tetra - 
gona . 

It is only reasonable to suppose that the organs of vision, which 
by the foregoing experiments we have proved to exist in Area, must be 
situated upon that portion most exposed to the light; and, indeed, such 
is really the case, for on examining the exposed part of the mantle edge, 
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one readily sees, with an ordinary hand lens, innumerable, small pig¬ 
ment spots, which, upon closer inspection, prove to be highly organized 
eyes. But before we describe more minutely these interesting organs, it 
will be well to give a general idea of that portion of the mantle’upon 
which they are located. 

In all the species examined, the same division of the mantle edge 
into shell, ophthalmic, and velar fold was found (PI. 30, figs. 55 
and 56), all three extending along the entire edge of the mantle. In 
sections, one sees that the shell, or outer fold 1 , whose inner wall is 
slightly thickened, is thin and deep (s. h.f .). The ophthalmic fold (o./.) 
is somewhat thicker and taller than the former; its free end is thickened 
and bears the eyes. It is usually covered with dense, dark brown or 
black pigment, most abundant on the branchial side. The velar fold is 
the largest, (v.) although very insignificant when compared with that of 
Pecten , and is covered with dark brown pigment, specially abundant 
at the anterior, and posterior portion of the mantle. 

The velum of Area larbata is well developed and forms a thin, 
narrow and colorless band in the middle of the mantle, while towards 
the anterior end it becomes deeply pigmented on both sides, and more 
than twice as broad as before. 

In all three species, the anterior portion is especially thickened 
and completely covered with a coat of dark brown, or black pigment, 
the intensity of which seems to depend upon the health of the individual 
animal, and always diminishes with prolonged confinement. If the edge 
of the mantle be now examined with a pocket lens, a nearly regular row 
of dark brown spots will be seen, arranged along the summit of the 
ophthalmic fold, larger near the pigmented anterior and posterior thicken¬ 
ings , but smaller and much more numerous in the median portions. 
None are to be found near the hinge, on the last centimetre of the ante¬ 
rior and posterior edge of the mantle. These eyes may be divided into 
three kinds, the faceted, the invaginate, and the pseudo-lenti- 
culate eyes, the first named being the most highly developed. They 
form slightly flattened, hemispherical elevations of the epidermis, con¬ 
fined to the anterior and posterior thickenings of the mantle. 

The surface of the elevations appears to consist of a varying 
number (10—80, of perfectly transparent and refractive lenticular pro¬ 
jections of the cuticula, which, when viewed from above, appear like 


1 In speaking of the mantle, the inner surface means towards the branchial 
cavity, and the outer toward the adjacent shell. 
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perfectly round, black holes, separated from each other by chocolate 
brown pigment. The statement of Will is perfectly justifiable, that 
»one might name them aggregate eyes, for they have all 
the characteristics of those compound eyes, which we are 
accustomed to designate by that name.a 

In one example of Area Noae , 8,5 cm long, I have counted 133 
faceted eyes in the left mantle edge, and 102 in the other. In the upper 
edge, I have counted 30 in the first centimetre, and 37, 18 and 10 
successively in the three following. Then comes a wide space without 
faceted eyes, succeeded by three centimetres, each containing 14. 20 
and 4 eyes respectively. 

I have said that these eyes were arranged at perfectly regular in* 
tervals, this is, however, not strictly true, although, when observed 
with a hand lens, such is the general effect produced. One often sees 
two eyes so close together that they form one large, oval and double 
eye spot (fig. 41). This occurs so frequently that, in one individual, I 
have counted four or five such double eyes in various stages of union; 
from one in which they form two eyes, so near together as to touch each 
other, to those in which the double origin is only indicated by a slight 
departure from the usual circular outline, and by a shallow, hardly per* 
ceptible furrow in the middle. Now, since the single eyes vary consi¬ 
derably in size, it is difficult to determine in all cases whether some of 
the larger are formed by the fusion of two smaller, — the traces of union 
having entirely disappeared — or whether some of the latter were 
originally formed by the concrescence of two still smaller eyes. On the 
branchial side of the ophthalmic fold, that is on the side towards the 
light, the hypodermis with its cuticulais especially thickened and con¬ 
tains numerous isolated, or scattered ommatidia in a high stage of 
development (figs. 46 and 47). 

In Area barbate ?, I have found, in a specimen measuring 5 dm in 
length, 91 faceted eyes on one side of the mantle, and 83 on the other, 
making in all 174, about the average number. 

In Area tetragona , 10 to 15 mm long, there are from 25 to 30 
faceted eyes in each mantle edge. 

Each eye is situated in a triangular, pigmented area: in the thickest 
part of the mantle, the areas fuse with each other to form a continuous, 
pigmented layer. The isolated areas differ in the intensity of their color¬ 
ing; they are usually Vandyke brown, and contain a number of darker, 
irregular, pigment spots, largest and most numerous in the immediate 
vicinity of the eye. In some cases these spots are absent. 
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The pigmented areas culminate in a slight elevation, on the sum¬ 
mit of which the eyes are usually situated; they either project some 
distance above the surface, or occupy shallow depressions, where they 
hardly more than attain the level of the surrounding epithelium. In all 
cases, they are surrounded by a narrow and less deeply colored furrow 
(figs. 44 and 45). 

The invaginated eyes are smaller, and more easily overlooked, 
than the faceted ones. They form a narrow band along the summit of 
that portion of the ophthalmic fold, beneath the ventral opening in the 
shell through which the byssus projects. A certain amount of light can 
always penetrate this opening, which cannot be closed, and is only pro¬ 
tected by a brush-like outgrowth of the cuticular covering of the shell. 
These eyes are perfectly black, round or oval, pigmented cups varying 
in size from .014 to .07 mm in diameter. Sometimes they form the 
floor of shallow, saucer-like depressions of the epidermis, or, as in the 
more perfected forms, lie at the bottom of deep pits, whose openings 
have often become constricted into narrow slits, extending at right 
angles to the edge of the mantle. In the oldest examples, the pits are 
less numerous, or often absent, on the anterior portion of the mantle, 
where the faceted eyes are most abundant: in the middle, where the 
faceted eyes are absent, they reach their highest development. In the 
posterior portion there are a few faceted eyes and numerous invaginated 
ones of all sizes and degrees of development, so that in many cases it 
is difficult to tell whether they belong to one type, or the other. The 
arrangement described above is that generally met with, and although 
there is a wide individual variation, one is always sure to find certain 
areas occupied by both faceted and invaginated eyes, together with 
numerous, intermediate forms (figs. 46 and 47). The larger, and more 
highly developed, invaginated eyes are arranged in a single row along 
the summit of the ophthalmic fold, often so near together as to touch 
eaeh other; while, on each side, but more especially on that next the 
velum, are innumerable, smaller eyes showing all gradations, from 
simple pigmented spots, or even clusters of two or three pigment cells, 
to the fully formed eyes. 

The mantle edge in this region is colorless, with the exception of 
pigmented areas similar in size and shape to those in which the faceted 
eyes are situated. The number of these pigmented areas is much 
smaller than that of the eyes, several of which are often situated in 
one of these spots. A network of shallow canals, formed by simple 
folds of the skin, is distributed over the edge of the mantle. The invag- 
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inated eyes are usually situated in cross canals so that, in most cases, 
the smaller ones appear like simple, pigmented pits in the floors of the 
canals. It often happens that, when these eyes are examined from 
above, in surface preparations, they appear like very black, round, 
pigment spots, and it is difficult to believe they are really sunken be¬ 
low the surface. But on the other hand, if the openings of the pits be 
closed, as is often the case, one sees a black, narrow, and slit-like 
opening with the fainter outline of the retina beneath (PI. 30, fig. 47). 
In the latter instance, it is hardly necessary to prove by means of sect¬ 
ions that they are pigmented pits sunken below the surface; in fact they 
are exactly the same as those simple, invaginated eyes in the tentacles 
of Patella. The number of these eyes is something extraordinary, when 
we consider that these retiring animals are already provided with about 
250 very perfect eyes. I have counted in Area barbata , 5V 2 cm long, 
as many as 420 or 430 eyes on one side, and 440 or 450 on the other, 
not including a number of very small ones, difficult to distinguish from 
ordinary pigment spots. 

There is still a third form of eye, the pse udo-1 enticu late, re¬ 
sembling the last type, but not invaginated, and consisting of a few 
retinal cells (to be soon more accurately described), covered with a len¬ 
ticular and refractive body like a cornea, or lens. These forms, difficult 
to recognize except in sections, are distributed irregularly among the 
invaginated eyes, with which they are brought into close relationship 
by a number of intermediate forms. I estimate that there are about 
a hundred such eyes in each mantle edge (fig. 54). 

Here then we have a genus of almost motionless and helpless ani¬ 
mals whose complex of activities consists in hardly more than closing 
the shell to avoid an enemy, or opening it to obtain nourishment, and 
yet each of these lowly organized animals has 250 compound eyes, each 
of which (as we shall see later) is apparently as complicated an organ as 
the eye of such active and carnivorous Amphipods, as Gammaras or 
Orchestia. It has S00 or 900 eyes like these of Patella , and then about 
200 simple and minute ocelli, making a sum total of about 1300 eyes for 
each individual, not including numerous, small groups of ommatidia, 
too minute to be easily couuted by means of an ordinary pocket lens. 


Historical. 

When we consider that these remarkable eyes, which even a ca¬ 
sual observer could not fail to see, have since 1844 been known to 
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exist, it seems hardly credible that they should have so long escaped 
that thorough examination, which many less conspicuous and deserv¬ 
ing organs received long ago. 

As early as 1844. Will (5) furnished us with the first notice of these 
eyes. He recorded a number of fairly accurate statements of their 
general appearance and distribution, and, moreover, fully recognized 
the compound nature of the faceted eyes, the only ones he appears to 
have seen. His mind seems to have been strongly impregnated with 
terms applied to the various parts of the Vertebrate eyes, and, ap¬ 
parently on the supposition that, either physiologically or morphologi¬ 
cally, equivalent parts were to be found in all eyes, he has applied to 
the Mollusca, terms from Vertebrate anatomy, when a better knowledge 
of the facts shows that the parts, thus designated with the same names, 
are widely different structures, and can neither morphologically nor 
physiologically have any characteristics in common. A certain »a 
priori« bias is produced, which tends to confusion, and from which it 
is difficult to rid the mind. For instance, a simple fold formed by 
abnormal contractions, he has, in Pinna, called an iris, and has applied 
the same name to the circle of pigment cells surrounding the retino- 
phorae. An ommatidium, he called a simple eye, which , indeed, 
could hardly have been nearer the truth, even if he had had a much more 
extended knowledge of the matter than he really did. The terms tape- 
tum, choroidea, vitreous body, and iris, appear at all times, 
and in places where it is difficult, but in fact hardly necessary, to de¬ 
termine to just what structures these terms were applied. His imagina¬ 
tion carried him so far that he has described minutely eyes of certain 
genera of Mollusca, that it has required nearly forty years to prove do 
not exist, unless indeed he examined other species than those at the 
command of subsequent workers. I repeat it is a remarkable thing that 
this description, as accurate in observation as it was fantastic in 
conception, should not have drawn the attention to this subject that 
its importance deserved, or provided us with a more detailed description 
of one of the most remarkable systems of eyes — if I may use the 
term — at present known to exist in the whole animal kingdom. 

Subsequent authors seem to have been satisfied with Will’s des¬ 
cription, and deemed further knowledge on the subject unnecessary. 
This was the case with Siebold ( 7 ), Schmidt ( 17 ), Sharp ( 18 ) 
and Gegenbaur ( 14 ). The latter erroneously speaks of the eyes of Area 
and Pectanculus as being borne upon special eye stalks. He also says, 
referring to the eyes of Pecten , Spondylus , and other Lamellibranchiata, 
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p.367, »Obgleieh in dem Baue dieser An gen manches Eigen- 
tkuinlichebestckt, sostimmen sie docb im Wesentlicben 
mit den Sekorganen anderer Mollusken ubereina. This 
statement indicates more faitk in the uniformity of structure of Mollus- 
can eyes, than actual observation. 

These are the only remarks upon the eyes of Area , to my know¬ 
ledge, up to 1883, when Carriers published an imperfect and inaccu¬ 
rate description of the eyes of Area and Pectuncuhis , in which he 
fails to add anything new to the subject. At the same time, he ex¬ 
poses himself to the charge of plagiarism, for he lays special stress 
on the fact that the eyes of Area are compound, or »fan eyes« as 
he calls them, and passes over in silence the fact, that Will had 
long ago fully recognized the same — which has not been mentioned 
by any recent author, — in an article no longer easily accessible. 
He has, moreover, produced drawings of sections, cut with a mo¬ 
dern microtome and prepared with all the help modern histological 
technique can give, in which he has represented, and also described in 
the text, the eyes as being formed simply of cone-shaped cells coated 
with pigment, each one being provided with a lens-like thickening of 
the cuticula. A reference to my own drawings will give an idea of how 
accurate I consider his descriptions to be. Such observations are of 
double harm, for they not only introduce false notions into science, but 
disarm suspicion, coming, as they do, from one who has made a spe¬ 
cialty of the subject, and who is, presumably, equipped with a tech¬ 
nique, which should enable him to keep pace with the progress of mo¬ 
dern histological research. 


The compound eyes . as we have already said, consist of from 
10 to 80 ommatidia. and measure from .07, to .14 mm in diameter. 
Each ommatidium consists of a central, colorless core, formed of two 
fused cells, whose bases are directed outward and support a double, 
highly refractive, and transparent rod. The central cells, or retino- 
pliorae as we shall call them, are surrounded by eight pigmented 
cover cells, or retinulae, arranged in two rows of four each, one 
above the other (PI. 30, fig. 59). The whole ommatidium, which is about 
.04 mm long, is wedge-shaped, the apex being directed inward. In 
order to obtain a good idea of the structure of these compound eyes, 
it is necessary to resort to some macerating fluid in order to separate 
the different cells; if the maceration is stopped at different stages of 
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completion, preparations can be made of the isolated ommatidia in all 
stages of disintegration. The maceration must be complete, in order to 
isolate the retinophorae from their investing pigment cells. When this 
is successfully done, these cells, on account of their characteristic shape 
and general appearance, can at once be distinguished from all others. 
They vary considerably in size, probably due to the fact that they come 
from eyes in different stages of development, or from different parts of 
the same eye. This variation, however, does not affect their character¬ 
istic form, since they are in all cases wedge-shaped, with a blunt outer 
end, and a pointed, inner extremity prolonged into a long, varicose 
nerve fibre (figs. 52 and 59). The transformation of the inner extremity 
of these cells into nerve fibre is so gradual, that it is impossible to say 
where the one ends or the other begins. This is characteristic of the 
retinophorae in all Mollusca, and is in marked contrast with the nerve 
endings on the surrounding pigmented cover cells, or, indeed, on the 
indifferent cells of the epithelium. If the maceration has been carried 
so far as to separate the rods from the retinophorae, it will be seen 
that the broad end is abruptly rounded, and that, at the very outer limits 
of the cell, but always on one side, a nearly spherical nucleus is situated. 
It is filled with many fine and deeply stained granules, while, in the 
centre, is a small but distinct nucleolus. The nucleus is placed so close 
to the cell wall, that it is often difficult to distinguish their respective 
boundaries. On the side of the cell opposite to that on which is situated 
the nucleus, is an irregular, roundish and refractive body, absorbing- 
little coloring matter, but sufficient to distinguish it as the abortive 
nucleus of the second of the two cells composing the retinophora. It is 
not always easy, and in many cases I have found it impossible, to sat¬ 
isfy myself of the presence of this body, but the shape of the cell, and the 
lateral position of the other nucleus, indicated that the retinophorae 
were, in all cases, formed by the fusion of two cells, although it was 
not always possible to distinguish both nuclei. The broad, outer end 
of the retinophorae, — in the broadest part about .005 mm wide, — 
is filled with a clear, finely granular protoplasm, a narrow area of struc¬ 
tureless and refractive fluid surrounding the larger nucleus. The re¬ 
maining portion of the cell is occupied by closely packed, transparent 
and refractive globules, divided into two groups, an outer one composed 
of larger globules, and an inner one of smaller ones. They are easily 
destroyed by too much maceration, but, since a prolonged treatment is 
necessary to separate these cells, it is difficult to observe this structure, 
although I have seen it often enough, and with sufficient clearness, to 
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be confident that it must be the normal condition. This globular structure 
is found in the colorless cells of Haliotis and Patella , and is probably 
characteristic of these elements. When macerated either in osmic and 
acetic acid (according to Hertwig’s formula), or in dilute sulphuric 
acid, the globular contents of the cell shrink into a small and refractive 
body situated in the middle of the cell; the remainder of the cell then 
appears to be filled with a clear fluid, while, just back of the nucleus, a 
partition is formed, dividing the cell into an external part containing the 
nucleus, and a large internal portion once filled with refractive globules. 

In sections , and in partly macerated specimens, it is seen that the 
retinophorae are capped by an oblong, transparent and refractive body, 
which at once suggests that it is a corneal facet, or cuticular lens. This, 
however, I am convinced is not its true nature, but, on the contrary, 
its structure, and abundant supply of nerve fibres, shows that it is 
the light perceiving element of the eye, or the rod. This rod is 
brilliantly refractive and perfectly colorless. The inner surface has 
the same curvature as the outer wall of the underlying cell. The 
somewhat broader, distal end is well curved in Area Noae . but is 
somewhat flatter in Area barbata; in cross sections it is per¬ 
fectly spherical. The same fact may be observed in the living eye by 
looking directly into the ommatidium, when one sees through the 
perfectly transparent rod the black pigment beneath, producing the 
effect of a deep and round, black spot surrounded by light chocolate- 
colored pigment cells. In longitudinal sections, one sees an extremely 
thin, cuticular-like outer layer, covering the outer surface of the rods, 
and continuous with the cuticular of the pigmented cover cells. 
Toward the edge of the rods, it is more distinct, and there passes over 
to form the very much thicker, cuticular layer of the cover cells. It is 
in specimens macerated in sulphuric acid, that one is best able to de¬ 
monstrate this membrane, for by this method, large pieces with several 
rods attached may be easily separated. I have spoken of these struc¬ 
tures as the rods, while, in reality, they are formed by the fusion of 
two pieces, but so closely and intimately applied that it is not always 
easy to demonstrate their dual origin. To do this with fresh and but 
little macerated specimens is well nigh impossible, except in abnormal 
cases. I have found two such cases, in which the freshly macerated rod 
was formed of imperfectly joined halves, the configuration of each half 
being as distinct, as though they belonged to two separate cells 
v fig. 52). Such cases are, however, rare. On the other hand, if the cells 
were thoroughly macerated, in every rod could be seen a median divi- 
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sion, with a corresponding indentation on the outer surface. This divid¬ 
ing line could be distinguished from the longitudinal pores of the rod in 
two ways, first, by its greater distinctness, and, second, by the fact 
that, during a revolution of the rod on its axis through an angle of 90°, 
it disappeared, reappearing by a further revolution. This shows that 
the median line is an optical section of the plane between the com¬ 
ponent halves of the rod. Each half of the inner surface of the latter is 
convex, a cross section of the lower end of the rod always giving a more 
or less circular outline, containing two ovals, — varying in size with the 
niveau of the section , — separated by a central band. On the other 
hand, a longitudinal section of the rod may be doubly concave on its 
inner surface, while, if the plane of the section is turned through an 
angle of 90°, the result is a simple, concave outline. The rods never 
become turbid by the action of any of the usual histological reagents. 
In sulphuric acid, they expand somewhat at the outer end, thus slightly 
exaggerating their normal shape. By a prolonged action of chromic acid, 
they become constricted in the middle, while the outer and inner ends 
assume about the same width. After a long treatment with haemato- 
xylin, they stain an intense blue. When studied with an immersion lens, 
a series of fine, cross lines, whose curvature corresponds with that of 
the outer surface of the rod, can be seen. These lines, which appear 
to be composed of minute dots, or dashes, decrease in distinctness and 
frequency towards the inner ends of the rods. Other lines which, in 
this case, seem more like pores in the substance of the rod, begin at the 
base, where they are quite broad and well defined, and extend nearly 
parallel with each other toward the outer surface, where they finally 
disappear ;fig. 59). 

Each retinophora, with its double rod, is completely surrounded by 
eight pigmented cells, four forming an inner, and four an outer row. 
Each one of the four outer cells is laterally flattened, the inner two 
thirds being reduced to very thin colorless bands, consisting of hardly 
more than the cell walls, while the outer ends are wide and thick, and 
filled with a dark brown pigment. The centre-of each thickened end is 
thinner than the sides, and is closely applied to, and conforms with, 
the surface of the retinophorae. In sections, therefore, the inner contour 
of the four pigment cells forms a circular space filled by the retino¬ 
phorae, while the outer contour is more or less pentagonal, or hexagonal. 

In the centre of the pigmented ends of these cells, is situated the oval 
nucleus, which usually causes a protuberance upon that surface of the 
cell turned away from the retinophora. The outer end of the cell is 
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capped by a thick layer of transparent, and perfectly homogeneous 
cuticula. The inner, membranous prolongations consist of flattened, and 
longitudinally striated bacilli, which end abruptly in three or four 
short, root-like fibres. The expanded pigmented ends, as far as the 
base of the nucleus, form a broad collar for the retinophorae (fig. 59). 

The inner circle of cover cells consists of four wedge-shaped, and 
deeply pigmented cells, covering the two inner thirds of the retino¬ 
phorae ; they are widest and thickest at the outer limit of the pigment. 
There, the outer edges are bevelled, and rapidly decrease in thickness 
to a very thin, structureless membrane, continued as far as the outer 
extremity of the rods. The membranous prolongations of these four 
cells unite to form a delicate sheath surrounding the outer portion of the 
retinophorae, between them and the external cover cells, thus indicating 
that the cells, to which these membranes belong, are more intimately 
connected with the retinophorae than the outer row of pigment cells 
(fig. 59 rt. $.). The proximal ends of the four inner cells are narrow T ed 
nearly to a point. The outer cells are so arranged that their narrow, 
basal portions cover the line of contact of the adjacent, inner cells. The 
oval nuclei of the latter are situated in the middle of the cells, and thickly 
surrounded with pigment, so that they are seldom seen, except on cross 
sections. They stain deeply, and with a dullness which is in marked 
contract with the lighter, but clear and sharp stain characteristic of the 
nuclei of the retinophorae. 

Since the whole ommatidium is simply a highly specialized por¬ 
tion of the hypodermis, we should expect to find the same method 
of nerve endings there, as in the less modified portions. On sections 
of the eye, it is hardly possible to observe more than the passage of 
nerve fibres through the basal membrane, and along the cells to¬ 
wards the surface. Isolation of the cells by maceration, according to 
the methods described below, furnishes the best results. Unfortunately 
I was not able to obtain perfect control of the process, and the results 
often varied, especially as far as a complete and rapid isolation of the 
cells was concerned; for sometimes only 24 hours maceration in bichro¬ 
mate of potassium, 2°/ 0 , disassociated the cells completely, and, at the 
same time, in a remarkably perfect and normal condition, a result 
which, at other times, was only imperfectly effected after prolonged 
maceration, and after many important characteristics of the cells had 
been destroyed. I am inclined to believe that it depends on the physical 
condition of the animals experimented with; perfectly healthy and fresh 
ones being more difficult to treat than those which have become weaken- 
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ed by prolonged confinement. It is, however, not at all difficult to ob¬ 
tain excellent preparations, in which the nerves now to be described 
maybe easily studied. 

Among the isolated cells of such preparations, one can easily dis¬ 
tinguish the retinophorae — either with or without the rods — some¬ 
times with the pigmented cover cells attached to them. It is very seldom 
that one can trace the nerve fibres, or find their broken ends upon the 
outer row of cover cells, but I have succeeded in doing so several times. 
In such cases, one sees extremely fine fibres, either running along the 
stalk of the cell, or projecting considerably beyond its base. The fibre 
is often free everywhere, except at the outer, or pigmented, end of the 
cell, to which it is attached so firmly, that considerable rapping upon 
the cover glass is necessary before it can be entirely isolated; and, in¬ 
deed, even with the roughest treatment, it is sometimes impossible to 
separate it from the cell. This is due to the fact that lateral nerve fibril- 
lae, applied to, or penetrating, the cell wall, are only formed at the 
pigmented portion of the cell, in which the nucleus is situated. 

The nerve fibres of the inner row of pigment cells are larger and 
more numerous than those of the outer row. To study these nerve 
fibres, the cells must first be isolated, to do which requires a more pro¬ 
longed maceration than is necessary for those of the outer row. Very 
instructive preparations are obtained by a slight maceration, which not 
only separates the ommatidia from each other, but removes the outer 
row of pigment cells, leaving the retinophorae and their rods still sur¬ 
rounded by the inner row of retinulae. The whole group of cells has a 
conical shape, the rod forming the outermost and widest part (fig. 59 . 
By further maceration, the inner row of pigment cells is isolated, and 
one may then distinguish, on each side of the flattened surface, from two 
to five refractive and colorless lines, which are seen to be distinct fibres, 
and not cell markings as might easily be supposed from the fact that, 
in almost every cell, some are either partly detached from, or project 
beyond, the inner end of the cells (fig. 60). With a good light, and a 
strong immersion lens, one can see exceedingly fine, cross fibrillae, which 
arise, at quite regular intervals, from the larger, longitudinal nerve fibres: 
where the latter project beyond the cell, the lateral fibrillae may still be 
seen, no longer as straight as before, but either so closely curled, or so 
strongly varicose, that one would hardly recognize them as fibrillae. In 
the usual macerated preparations, these pigment cells extend only about 
two thirds of the way from the basal membrane towards the outer sur¬ 
face, where they appear to cease abruptly. If, however, the cells be iso- 
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lated in weak sulphuric acid, their outer thirds are retained as thin and 
transparent membranes, along which one may see several fine lines, un¬ 
doubtedly the continuation of the nerve fibres, seen more distinctly on 
cells prepared in other ways. The inner ends of these pigment cells end 
in a rather blunt point, on which I have not been able to distinguish 
those root-like fibres, so common upon the inner ends of most epithelial 
cells. But this very circumstance makes it much easier to follow those 
nerve fibres, just described, through the basal membrane in war ds, 
a considerable distance, until they are lost in the mass of scattered 
fibres which supply the eye. 

It is difficult to obtain isolated retinophorae intact, and in a 
condition to show the nerve endings. It is necessary to seach until a 
good example is found. The best way is maceration in Y 20 —Vso % 
chromic acid ; for ten or twelve days. The rods are somewhat shrunken 
in the centre by this process, but are provided with a number of long 
fibres, whose free ends project some distance beyond the inner edges of 
the rods. These free ends are covered with a great number of fibrillae, 
which branch from the main fibre at right angles, and, projecting a 
short distance, end in a minute, refractive globule (fig. 48). The fibres 
may be followed along the outer surface of the rod, where they form a 
complete network of distinct, longitudinal fibres, and small, irregularly 
distributed, cross ones, or fibrillae. At the outer end of the rod, the 
longitudinal fibres become continuous with each other by means of con¬ 
necting loops, as I have distinctly seen in several cases. The loops may 
be distinguished from the other cross fibres, by their greater size and 
distinctness (fig. 59). It is very difficult to find retinophorae, treated 
in this manner, which have the rod still attached, therefore it is not 
possible to follow the nerve fibres along the whole length of the cell, 
because they are so intimately united with the rods that, when the latter 
are detached, the nerve fibres are carried with them. Yet I have seen 
the retinophorae with the rod still attached, and have followed the nerve 
fibres almost down to the base of the cells. 

In sections, one can, under favorable circumstances, see a special 
aggregation of nerve fibres, passing to each retinophora, and ascending 
along the outer surface, between it and the inner pigment cells, until, 
towards the outer ends of the latter, they disappear. It is therefore only 
on macerated specimens, that I have been able to follow the nerve fibres 
over the surface of the rods, where they terminate as already described. 

The retinophorae are, moreover, supplied with a second form of 
nerve fibres, which I believe to be characteristic of these structures, and 
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not to be found in the other elements of the retina, namely, a central 
nerve fibre, or bundle of nerve fibres, which extends, through the axis 
of the retinophora, into the rod. Now, if we suppose that each cell was 
supplied with a number of external nerve fibres, like those described 
for the pigmented ones, and that a speeial cluster of such fibres was 
formed between the juxtaposed walls of two retinophorae, it is evident 
that, with the fusion of the two cells, and the disappearance of the 
apposed walls, the bunch of nerve fibres will eome to lie in the centre 
of the retinophorae; and since, according to our suppositions, the nerve 
fibres extend to the summit of the eell, — as we have always found to 
be the case, — they will therefore penetrate the centre of the rod. It 
is difficult to follow the nerves through the retinophorae, on aeeount of 
the mass of refractive globules, but here, as in other similar eases, it is 
only necessary to find favorable examples, where one may distinguish 
a bundle of at least two or three nerve fibres extending upwards from 
the base of the eell, beyond the refractive granules; near the nuelei, 
they become varicose and irregularly distributed. I have not succeeded 
in tracing them directly into the rods, although I do not doubt that they 
terminate there. The inner ends of the retinophorae are always pointed, 
lacking the root-like fibres of the pigment cells; their transformation into 
the issuing nerve fibres is so gradual, that it is impossible to say where 
the one begins and the other ends. This nerve fibre, which is really a 
nerve bundle composed of several smaller fibres, is larger than those 
seen connected with the pigment cells. In some cases, the varicosities 
of the axial nerve, at a short distance from the eell, become so large as 
to form one or two vesicular swellings, which I thought might contain 
nuclei, but I have never been able to determine this point with certainty. 
The very small size of the rods has rendered the observation of the ulti¬ 
mate nerve endings there a matter of extraordinary difficulty. That the 
outer fibres send their ultimate fibrillae into the substance of the rod is 
shown by the persistency with which they invariably adhere to its sur¬ 
face, while, on the other hand, they are always torn away from the sur¬ 
face of the retinophorae. If we accept the supposition that the retino¬ 
phora is formed by the fusion of two cells, — which, in fact, can hardly 
be called a supposition, since we have incontestible proof of it in the 
double nature of the rod, and the presence of two nuelei, — then the 
eentral bundle of nerve fibres belongs to the same category as the ex¬ 
ternal ones, and we may presume that they, like the outer nerve fibres, 
also extend to the outer ends of the rods, that is, they form a system of 
axial nerve fibres in the centre of the rod, just as is the ease in the rods 
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of Pecien . Moreover, analogy with Pecten and Haliotis will allow us 
to suppose a similar system of horizontal fibrillae uniting the inner and 
outer system of nerve fibres. 

Having obtained a more complete knowledge of those complex ele¬ 
ments, or ommatidia, of which the most specialized eyes of Area are 
formed, we are now in a better condition to understand the structure of 
the second form, and the origin of both types from the aggregation of 
elements found scattered in the pigmented portions of the mantle. 


The Invaginate Eyes. 

The general characters and distribution of the invaginate eyes have 
already been alluded to, and it now remains for us to give a more 
accurate description of them. 

When seen from above, in living specimens, they appear as very 
dark brown or black spots. They may be sharply defined, oval, or 
round, or they may be surrounded by a circle of lighter pigment cells, 
which gradually pass into the surrounding, colorless epithelium. In 
the midst of each pigment spot, one always sees from three to six or 
more brilliantly refractive and colorless points, all the more striking 
from being situated in the midst of the dark pigment. The intense black 
color of the pigment is often reduced by the invagination of the eyes 
below the surface, the more or less transparent lips of the cup thus form¬ 
ed folding over, and partly hiding, the sunken eye. The deeper the 
cups, the greater is the tendency for their lips to approach each other, 
forming along, slit-like opening (PI. 30, fig. 47). Whether this iris¬ 
like fold is capable of regulating the amount of light by contraction or 
expansion, I am unable to say. I have not observed any movement, 
which would indicate such a function. Will has described an iris-like, 
contractile opening in Peetunculus , which has faceted eyes similar to 
these of Area , but no invaginate ones. It is possible that he had in mind 
the invaginate eyes of Area , when describing those of Pectuncidus . Sec¬ 
tions of the invaginated eyes show that they are simple, thickened por¬ 
tions of the hypodermis, sunken below the surface, sometimes forming 
wide-mouthed and shallow depressions, or deep funnel-like pits; in the 
latter case, the axis of depression is not perpendicular to the surface, 
but at an angle of about 50° or 60° with it, the deepest part being direct¬ 
ed toward the shell (fig. 42). 

The retineum is composed of broad, square-ended cells filled 
with dark brown, or black pigment, and a smaller number of colorless 
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ones. The latter contain a highly refractive, granular substance, and 
arc usually conical, or wedge-shaped, the smaller end being directed 
outwards, while the widened base is turned in the opposite direction 
and contains a large nucleus. The latter is distinguished from the nuclei 
of the surrounding pigment cells, in the same way that those of the re- 
tinophorae in Halioiis , or in the faceted eyes of Area , are distinguished 
from the nuclei of the retinulae, i. e. by the clearness with which they 
stain, and the presence of a .nucleolus. The nuclei of the retinulae are 
filled with a quantity of chromatine, which, although staining deeply, 
produces a dull and heavy effect when contrasted with the brilliantly 
and sharply stained nuclei of the retinophorae. This difference alone 
would enable us to distinguish the two kinds of cells. I have sought for 
traces of a second nucleus in the retinophorae, but in vain; this is pro¬ 
bably due to their small size, and the difficulty of macerating them prop¬ 
erly. On account of the paucity of these cells, they may be easily over¬ 
looked, or confounded with colorless ones of the surrounding epithelium. 
These difficulties, coupled with the fact that under the most favorable 
circumstances the aborted nucleus is very hard to observe, render it more 
than probable that such a nucleus has been overlooked, rather than that 
it is not present at all. The number of these cells is comparatively small; 
I have never seen, in sections of one eye, more than three. Looking into 
the eye from above, on surface preparations, six or seven colorless cells 
are seen as bright, refractive spots, while it is probable that there are two 
or three more, that could not be seen, on the sides of the pit; therefore a 
typical invaginated eye would consist of from seven to ten ommatidia. 

The remainder of the retinal layer is composed of large, cylin¬ 
drical cells filled with dark brown, or in some cases nearly black pig¬ 
ment. Only their bases are colorless, so that one can see the lower 
portion of the deeply stained nuclei, the outer parts being closely envel¬ 
oped in pigment (PI. 30, fig. 49). 

The nuclei of both pigmented and colorless cells are so deeply situ¬ 
ated that they seem, in some cases, to rest upon the basal membrane, 
which is hardly more developed here than below the ordinary epi¬ 
thelium (fig. 42). 

Below, and parallel to the basal membrane, is a number of con¬ 
nective tissue fibres, besides many large gland cells with refractive and 
granular contents, and excentrieally placed nuclei. 

The cuticula — bearing in mind that it is by no means certain that 
all the structures with this name are homologous, or chemically ident¬ 
ical — is well developed over all the pigmented cells, while it becomes 
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especially thickened over the sunken, retinal layer of the invaginated 
eyes. The thick cuticula over the pigmented areas is formed of two 
layers; a thin, external one, dense and refractive, and a thicker, less 
refractive, inner one, which has not so completely lost its vital proper¬ 
ties. In, and below the latter layer is found the network of nerve 
fibrillae constituting the retia terminalia. It is this layer which 
is so greatly developed over the retinal cells of the in¬ 
vaginated eyes, while the outer and thinner one remains 
unchanged. Over the invaginated eyes, the retinal cuticula is 
composed almost entirely of innumerable and distinct nerve fibres, which 
may often be traced below the cuticula, between the retinal cells 
(PL 30, fig. 42). At the basal ends of the cells, there are often con¬ 
siderable spaces in wdiich may be seen continuations of the same fibres, 
which pass through the basal membrane into the underlying tissues as 
isolated branches, not united to form a special optic nerve. When the nerve 
fibres have once passed beyond the basal membrane, it is difficult to 
distinguish them from those of the connective tissue. 

These eyes are so difficult to macerate that I have not obtained 
many data in that way, but still enough to convince me that the same 
arrangement of nerves is found here, as in Haliotis , which will be de¬ 
scribed in greater detail further on. For example, when I was for¬ 
tunate enough to isolate some of the retinal cells uninjured, almost with¬ 
out exception, two or three nerve fibres were seen attached to their sides, 
with the free ends projecting some distance beyond either end of 
the cells. This shows that, when the latter were in position, the 
nerves extended into the cuticular layer, which is merely an exag¬ 
gerated form of the ordinary cuticula containing the nervous retia ter¬ 
minalia found everywhere above the pigmented hypodermis. The 
ordinary cuticula represents the sum of the products of the individual 
cells, and, in most cases, the outline of each cell is distinctly visible 
upon it. This goes so far that it is often possible to separ¬ 
ate the cuticula into its component elements; but espe¬ 
cially is this the case on the modified, retinal portion 
of the hypodermis, where the product of each cell has 
attained a high stage of individuality, giving rise to the 
rods. 

The invaginated eyes, therefore, are composed of the same ele¬ 
ments as the faceted, that is, a central colorless cell, probably contain¬ 
ing an axial nerve fibre and two nuclei, together with a cuticular rod 
supporting a specialized part of the retia terminalia (a ret ini di um); 
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around each of these central cells, or retinophorae, is arranged a 
number of pigmented ones, — in this case more than a single circle, — 
which also support nerve-bearing, cuticular rods (PI. 30, fig. 49). 

Such circles of cells, or ommatidia, form groups varying greatly 
among themselves, either in the number of ommatidia, or in the pre¬ 
cision with which they are separated from the surrounding epithelium. 
A very common form of invaginate eye is that in which from two to 
four or more closely placed ommatidia form a central, dark area, sur¬ 
rounded by a zone of lighter colored pigment cells, in which are several, 
irregularly scattered ommatidia, decreasing in number towards the 
periphery of the band. In surface preparations, one may easily re¬ 
cognize these scattered ommatidia by the color of the retinulae sur¬ 
rounding the retinophorae. Although these isolated ommatidia are 
usually seen in greater abundance about the invaginated eyes, they are 
often found quite independent of them scattered irregularly over the 
ophthalmic fold, and even in the other portions of the mantle. The 
cuticula over these isolated retinulae, does not seem to be especially 
thickened. 


Pseudo-lenticulate Eyes. 

I have found an interesting transitional form of eye, which belongs 
neither to the invaginated nor faceted type, and which, for lack of a 
better name, I shall call the pseudo-lenticulate eye. In sec¬ 
tions, for instance, through that portion of the mantle where the invag¬ 
inated eyes are most abundant, I have found quite sharply defined 
groups of non-invaginated ommatidia, provided with a prominent len¬ 
ticular thickening of the cuticula, containing vertical fibres undoubt¬ 
edly of the same nature, i. e. nerve fibres, as those found in the cuti¬ 
cular layer of the invaginated eyes (PL 30, fig. 54). 

A retinal cuticula seems to be formed by the pigmented cover cells, 
as well as by the retinophorae, and hence, in this respect, these eyes 
resemble more closely the invaginated ones. On the other hand, these 
intermediate forms, which greatly resemble the ocelli oftheCoelenterata, 
offer some similarity to the faceted eyes, in that they tend to form a 
protuberant, convex surface, instead of a concave, invaginated one. 

Just as the invaginated eyes, composed of a varying number of 
ommatidia closely or loosely arranged in groups, show all grades of in¬ 
vagination, so may one find a parallel series of changes in the pseudo- 
lenticulate eyes, together with all grades of convexity. In the faceted 
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eyes, the ommatidia, whether single or united in groups, show the same 
composition. It is rather remarkable that the ommatidia of each type 
of eye should retain so constantly their specific characters, even in 
cases where the two types which they produce are so little different¬ 
iated from each other. I believe that, in both cases, the ommatidia are 
different phases of the same structural elements, those of the faceted 
eyes being undoubtedly of a higher order than those of the invaginated 
ones,, the latter being almost identical in structure with those isolated 
ommatidia, found irregularly distributed over the exposed portions of 
the mantle. The isolated, faceted ommatidia are only found — and 
then rarely — in the immediate vicinity of what appear to be degener¬ 
ate evaginate eyes. It is more probable that the higher structure of the 
faceted ommatidia was attained, after they were united into distinct 
groups, than when in the isolated condition. If this is the case, we 
should expect to find in those imperfectly formed faceted eyes, the pe¬ 
ripheral ommatidia in a less perfect stage of development, in proportion 
as they were more distant from the centre of the eye. But this is 
not the case, for I have often seen isolated ommatidia on the peri¬ 
phery, as highly developed as any ever found in the centre. For 
this reason, I consider such eyes as retrogressive, rather than pro¬ 
gressive, and possibly analogous with those cases in Pecten, where 
fully formed eyes become functionless, by the complete pigmentation of 
the cornea. 

It is probable that during the phylogenetic development of the vi¬ 
sual organs of Area , those portions of the mantle, most exposed to 
light, developed pigmented cells, among which were numerous color¬ 
less (gland?) cells. By the fusion of two such pigmentless cells, and 
the accumulation around them of a definite number of pigmented ones, 
the isolated ommatidia were formed; they in turn united into special 
groups, where the ommatidia became modified in certain directions 
according to the form and position of the organs they composed. The 
number of the isolated ommatidia must have been, at first, very great, 
but probably diminished, as they accumulated to form more complex 
organs of greater functional activity; after the formation of these 
groups, the development of the ommatidia continued, until an enor¬ 
mous number of visual organs was formed, in a high stage of perfection, 
and of a functional activity disproportionate with the requirements of 
the animal; a tendency for certain of the eyes to degenerate would 
therefore arise. Such is at present the condition in Area and Pecten . 
It is probable that in both cases, peculiar, favorable conditions were 
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present, which carried the development of these organs beyond the re¬ 
quirements of the animal. The development was so rapid, and the in¬ 
ertia — if we may use the expression — so great, that a state of in¬ 
equilibrium was attained, now returning to a more stable condition by 
a reduction in the number of eyes. This furnishes us with a remarkable 
instance of reversed degeneration, in which the degradation begins, not 
with the loss of the most recently acquired characters, that is, the re¬ 
duction of the ommatidia to a simpler condition — but by the isola¬ 
tion of the perfected ommatidia; therefore retracing that developmental 
step which was the first to give rise to the eyes. 

The faceted eyes probably arise as modifications of the invaginated 
ones: during this process, the latter beeome shallower, and the nervous 
network reduced entirely to the rods of the retinopkorae, while the re- 
tinulae, whose rods disappear, are used solely to protect the retinidia 
of the retinophorae from the lateral rays of light. 


Pectuuculus. 

The thick mantle edge of Pectimcnlus contains an enormous num¬ 
ber of gland cells, whieh secrete a quantity of thick slime, materially 
adding to the difficulty of studying the eyes of the living animal. Al¬ 
though the edge of the mantle is thus enlarged, the three folds, whieh 
are present here as in Area and Pecten , are but slightly developed. The 
inner wall of the ophthalmic fold is much extended and constitutes the 
greater part of the pigmented portion of the mantle. It is studded with 
numerous oval, or round, madder brown, pigment spots, which, in many 
cases, are sharply defined areas of nearly blaek pigment that might 
easily be taken for eyes; in other instances, they are more irregular and 
lighter colored, without the sharp boundaries of the former. With the 
exception of these pigment spots, the hypodermis of the ophthalmic fold 
is nearly colorless, or of a faint, yellowish white tinge, intensified at 
the base of the velum to form a distinct band of brownish pigment, 
parallel with the edge of the mantle. The velum is reduced to a eolor- 
less, and inconspicuous ridge thrown into many irregular folds. At the 
base of the ridge, on the proximal side, is a distinct band of brown 
pigment, in the median portion of the mantle, broken up into wedge- 
shaped patehes, each one consisting of radiating, pigmented lines. At 
the anterior end of the mantle, the pigment is darker and forms a con¬ 
tinuous, but narrow band. The cuticula is slightly thickened over the 
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pigmented spots, and, in some cases, has a faint wavy outline, each 
curve corresponding to the outer end of a pigmented cell. The spots are 
provided with colorless sense cells, for on surface views one sees 
numerous refractive and colorless points of varying size; the light, 
which is often silvery white, appears to be reflected from the re¬ 
fractive granules within the cells. The refractive points are only (?) to 
be seen in the colored areas, where, surrounded by and contrasted with 
the dark pigment cells, they are especially striking. Towards the an¬ 
terior edge of the mantle, the spots become smaller and, assuming a 
lineal arrangement at the summit of the ophthalmic fold, by a series of 
easy gradations, pass into the faceted eyes, the only kind present in 
Pectimcalus. Being confined at the summit of the ophthalmic fold to a 
space about 7 or 8 mm long, they are necessarily less numerous than 
those of Area. As in the last named genus, the number is greater on the 
right, than on the left fold of the mantle. For instance, in twelve speci¬ 
mens, the eyes varied in number from 17—25 on the left valve, and from 
20—30 on the right; the average being about 25 and 22 on the right and 
left mantle respectively. The largest eyes are not situated in the middle 
of the row, as one might suppose, but at that end farthest away from 
the hinge. The same tendency to form pairs is seen here as in Area. 
Usually two large eyes are followed by two small ones, then two large 
ones with a small one between; those of equal size being closest to¬ 
gether. I have observed cases, however, in which as many as six or 
seven fully formed eyes had united to form one large group, whose 
origin was indicated by the number of component parts, which had not 
entirely lost their individuality. 

The eyes of Pectunculus are easily discernible since they are not 
surrounded by such quantities of pigment as in Area. There are other, 
but slight differences, which distinguish them from the eyes of the last 
named genus; the lens-like rods are larger and more protuberant; the 
cover cells of the outer row are thinner and less deeply pigmented; and 
the eyes seem to have arrived at a more stable condition, for there is a 
diminution in the number as well as variety of intermediate forms; the 
few remaining eyes, having reached the height of their development and 
being sufficient for the requirement of the animal, have been retained, 
while the less useful, intermediate forms have disappeared. 

The eyes may be easily overlooked when the animal is irritated, 
for the mantle is then contracted in such a manner, that the pigmented 
outer edge is folded in against the shell, and only the inner side of the 
thickened mantle, quite devoid of pigment, is seen. But when undisturb- 
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cel, the shell is slightly open, and the mantle brought forward, exposing 
the eyes, as well as the pigmented portions, to the light. 

Will (5) was the first who (in 1S44) claimed to have found eyes 
in this genus: his description, incomplete as it was, is still better than 
any which has been published since that time; being short, and the ori¬ 
ginal difficult to find, I will quote it in full. »Der Raum des Mantels von 
Pectunculus pilosus hat zwei dicht an einander liegende Falten, welche, 
wie bei anderen Bivalven, in der Nahe des Schlosses in eine zusammen- 
laufen. Am Vorderrandc ist diese eine dunkelbraun gesaumt, was 
groBtentheils von den darauf befindliehen, sitzenden Augen herriihrt. 
Dieselben stehen theils einzeln, theils in Gruppen vereinigt, auf dunkel- 
braunen, orangenartigen, wiewohl nur wenig hervorragenden Erhbli- 
ungen. In den Gruppen, welche beilaufig* i / i —y 6 "' im Durchmesser 
haben. liegen die Hornhaute so eng an einander, dass sie im Zusammen- 
hange bleiben, wenn man sie von den unterliegenden Geweben losreiBt. 
Die einzelnen Hornhaute sind jedoch rund. Man konnte diese Haufchen 
aggregirte Augen nennen, denn sie haben alle Merkmale derjenigen 
zusammengesetzten Augen, welche man mit diesem Namen bezeiclmet. 
Die Anzahl der einzelnen Augen in einer solchen Gruppe betragt 20 
bis 30. Sie sind etwas kleiner als die einzeln stehenden, und die Durch¬ 
messer beider verhalten sicli wie 5 : 7 oder wie 5:8. Die Pupille ist in 
alien Augen rund; die Chorioidea rotli; Glaskorper und Linse sind 
selten deutlich zu sehen. Am unteren und hinteren Rande des Mantels 
scheinen die Gruppen haufiger, dagegen die einzelnen Augen seltener 
zu sein. Nicht zu verwechseln mit den augentragenden Erhabenbeiten 
sind die zwischen ibnen liegenden Pigmentflecken. Abgesehen davon, 
dass letzteren die charakteristische Hornhaut fehlt, sind aucb die in 
ihnen entbaltenen Pigmentzellen kaum die Halfte so breit, als die Augen 
und laufen nacb innen spitzig zu, so dass sie wie kleine Kegel aussehen, 
deren Basis und Spitze eine helle pigmentlose Stelle haben.« 

It is not difficult to harmonize this description with what may be 
observed by an examination of the mantle edge of Pectunculus pilosus . 
The eyes, that he refers to as being found singly and united in groups, 
are in the latter case undoubtedly the faceted eyes, while in the for¬ 
mer they are probably either minute pigment spots or isolated omma- 
tidia. In all other respects, the description, as far as it goes, is clear 
and accurate and shows plainly that, even at that early date, the 
resemblance of these eyes to the compound ones of Arthropods was 
fully recognized. Just as was the case with Area , no one deemed it 
worth while to give a more accurate description of them. Siebold (7) 


568 


William Patten 


simply reiterates the statements of Will, as do also Schmidt (17) and 
Gegenbaur (14). Carriere’s (19) recent description, accompanied by 
a drawing, is of little importance, since it contains nothing new but 
what is wrong, and nothing right that was not already known. The 
description given of the finer anatomy of the faceted eyes of Area will, 
with the exception of the slight differences already mentioned, apply 
equally well to Pectunculus. 


Pecteu, 

Historical. 

It is not to be expected that the remarkable organs, which we shall 
here consider, so prominent and so brilliantly colored, could have long 
escaped the attention of the older Naturalists. 

Nearly a century has elapsed since they were first described by 
Poli (1), in 1795, who noticed their arrangement in pairs (a fact over¬ 
looked by subsequent writers) and their position at the ends of short ten¬ 
tacles ; he thus unwittingly introduced the theory that they were modified 
tentacles, an opinion held by some even to the present day. He could 
hardly have failed to recognize the resemblance of these organs to the 
human eye, as in fact he did, and applied corresponding names to 
what he considered to be corresponding parts. This had its effect upon 
succeeding writers, — to whom the terms homology and analogy were 
unknown, — who, upon the discovery of new parts, saw in them the 
structures known to occur in the human eye. To them there was but 
one visual organ, that of the Vertebrates, and, having once recog¬ 
nized in the eye of Pecte?i a superficial resemblance to that of the Ver¬ 
tebrates, they believed that there must be a corresponding agreement 
in all the remaining parts. This led to results which, as far as Pecten 
is concerned, are less striking, since there is indeed a remarkable 
agreement in more ways than one; but in less complicated visual or¬ 
gans, such as described by Will for other Lamellibranchiata, where the 
so-called eyes in reality consist of hardly more than pigment spots, one 
is surprised to learn that in these simple organs they were able to re¬ 
cognize a lens, vitreous body, choroid, iris etc., all of which are terms 
borrowed from human anatomy. 

Although it appears that the existence of these minute eyes was 
not forgotten, further mention of them was not made until 1837, when 
Robert Garner (2) described the »Brilliant emerald-like ocelli, which 
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from their structure, having* each a minute nerve, a pupil, apigmentum, 
a striated body, and a lens, and from their situation at the edge of the 
mantle, where alone such organs could be useful, and also placed as in 
Gasteropods with the tentacles, must be organs of visions To his con¬ 
cise description 1 , where by the »pigmentum« is meant the red pigment 
layer, and by the »striated body«, the retina, not very much was added 
until Hensen (12) published his paper of which we shall speak later. 

Krohn (3; and Gkube (4) published, almost simultaneously, an 
account of visual organs in the Lamellibranchiata, in which the optic 
nerve and argentca were described with tolerable accuracy. To the 
former is due the credit of having first seen the septum, a name 
which he himself introduced. 

We are indebted to the vivid imagination of Will for the greatest 
number of accurate observations, as ( well as for many mistakes, con¬ 
cerning the visual organs of Lamellibranchiata. In some cases, he has 
very accurately described the external characteristics of the eyes of 
Area , Pectuncalus and Cardium ; in others, he has scattered, with 
lavish hand, high sounding names to organs, which, if they once 
existed, now seem to have disappeared. To him, however, is due the 
credit of having first accurately described the cellular structure of the 
lens of Pecten. The observations of Will appear to have been accepted 
without comment by Siebold, Leydig, Bronn, and even by still later 
writers. 

Keferstein (11) recognized in the so-called viteous body, the fib¬ 
rous structure of which had been known since Garner, the real retina, 
the rods of which he believed to be turned inwards, as in Vertebrates. 

The classical researches of Hensen carried our knowledge, at one 
bound, to the position which it occupies to-day. He has described with 
the greatest detail the structure of the component parts of the 
eye, — especially the retina, where his acute vision enabled him to 
distinguish the central nerve fibre of the retinophorae, an observation 
which his successors were not always able to repeat. The general course 
of the other nerve fibres, especially those proceeding from the ganglionic 
branch, he was likewise able to follow with wonderful accuracy, 
when we consider his means and methods of study. 


1 The reference of Garner to the eyes of Ostrea, in which we are led to as¬ 
sume that they are similar to the eyes of Pecten and Sponclyhis, is probably due to 
the fact that he had in mind another species of Pecten. Poli speaks of Pecten as 
Ostrea. 
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Hickson (15 and 16) and Carriers 19) have only been able to 
add to the excellent work of Hensen a few corrections of minor im¬ 
portance, concerning the structure of the lens, cornea etc. 

Sharp (18), without making any contribution to our knowledge on 
the subject, has come to the conclusion that the external pigmented 
ring of the eye is really the sensitive part, while the eye itself, he 
considers to have another function than that of vision. 

It is interesting to follow the fluctuations in Zoological opinion, 
caused by the accession of new knowledge concerning these organs. 
At first, the superficial resemblance between these structures and the 
human eye was so great that an equivalent functional power was 
likewise tacitly ascribed to them. With increased knowledge, the 
structural similarity was seen to disappear, and less importance 
was then attached to their functional powers, until, finally, the 
careful researches of Hensen showed a remarkable discrepancy be¬ 
tween their highly complicated structure, and their apparent lack of 
visual power. This difference is heightened by the great number of 
eyes present, which appear to far exceed the simple requirements of 
such an animal. 

Thus many were led to believe that the organs in question were 
not eyes at all, but luminous organs, or they were placed in the 
category of structures, the functions of which were unknown. 


General structure. 

After comparing the complex organs just described with the sim¬ 
pler eyes of Area, and the infinitely less complicated ones of Avicula , 
we are led to expect a corresponding difference in their functional 
powers. How far this expectation is realized will be seen from what 
follows. 

If we study the structure of the eyes of Pecten , we shall find that 
the parts really have the function that their names and composition 
indicate. 

We see a constant purpose in view; the concentration of the rays 
of light, and formation of inverted images of external objects upon a 
sensitive nervous layer, the arrangement of whose elements shows a 
definite relation to the direction of the rays of light. 

First, let us consider the cornea and the colorless opening, or pu¬ 
pil, surrounded by the pigmented iris. The curvature of the former 
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(which in Pecten Jacobaeus and Pecten opercularis projects but little 
above the level of the iris), and the size of the pupil, may be regulat¬ 
ed, according to the conditions to be fulfilled, by means of contractile 
fibres. By the simultaneous contraction of the ciliaris (PI. 29, figs. 18 
and 19 s . b.) and the superficial circular and radiating fibres of the lens, 
the edges of the cornea and iris will be drawn inwards, and the convex¬ 
ity of the former and of the outer surface of the lens increased, while the 
opening of the pupil may be diminished to almost half its previous dia¬ 
meter. In the living condition, all stages of contraction may be ob¬ 
served. Strong irritants cause contraction, and an increased convexity of 
the cornea. If the mantle is treated with weak chromic acid, the muscles 
relax, the cornea becomes nearly flat, and the pupil widely extended. 
Contraction of the longitudinal muscles, extending along the inner wall 
of the iris and attached to the suspensory ligament (PI. 29, 
fig. 19 s. b .), would cause a flattening of the outer surface of the lens, 
accompanied by a bodily movement of the latter toward the retina. We 
now see the object of the peculiar layer of vertical nerve fibres; for 
without this, any movement of the lens, attached to the septal mem¬ 
brane, would necessitate a disturbance of, or injury to the retinal cells. 
But with the present arrangement the lens, accompanied by the septal 
membrane, may be elevated or depressed, without contact with the 
retina, simply by the flexion of the nerves of the fibrous layer. The 
latter was considered by Hensen to be artificially formed by shrink¬ 
age, and the consequent drawing out of the nerve fibres from the 
septal membrane. Carriere has described it as forming a layer of small 
columnar cells. That both of these statements are incorrect, and that 
the condition represented in figs. 10 and 19 is a natural one, may 
be seen by examining this layer, in the living condition, through the 
choroid fissure. It is very probable that the inward movement of the 
lens is accomplished by the contraction of the ciliaris and the 
muscles attached to the suspensory ligament. This movement is 
facilitated by the contraction of the circular fibres on the peri¬ 
phery of the septal membrane, so that the thick, structureless, 
central portion, upon which the lens rests, will fall by its own weight, 
or by the pressure of the lens. But how is the elevation of the latter 
accomplished? It might be done by the contraction of the relaxed, septal 
membrane; but that is only provided with circular fibres, which could 
not produce any such effect. Neither could the lens be raised by the con¬ 
traction of any of its own muscles, or of any attached to it. It is pro¬ 
duced by the tendency of the elastic septal membrane to 
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return to its natural position, after the contraction of its 
peripheral, circular fibres has relaxed the tension upon 
the central portion. There is good evidence of the elasticity of this 
membrane, for in certain reagents, as chromic acid, the muscles being 
gradually deprived of their power, the tension of the septal membrane 
acting upon the lens presses it almost flat, and two great folds are pro¬ 
duced in the periphery of the retina. But, by isolating the lens and sub¬ 
sequently hardening it in chromic acid, its original shape is perfectly 
preserved. Muscular contractions which, caused by the irritation of rea¬ 
gents, produce such a great difference in the shape of the lens, must be 
able, in the living condition, to produce the extremely slight changes 
necessary for focal adjustment! This process may be produced then in 
two ways; by an increased convexity, causing a shorter focal distance, 
and by the bodily movement of the lens itself. But it will be asked, is 
this body really a lens ? Does it actually form an image, or concentrate 
the rays of light at a certain point, and does this point fall within the 
retinal layer which, morphologically, we must consider to be the essen¬ 
tial and percipient one? 

These questions are pertinent, and the answer to them will show 
whether the body in question is really entitled to be called a lens, and 
whether the function of these eyes of Pecten is as perfect as their com¬ 
plicated structure indicates. 

The following experiments will prove that all the above questions 
may be answered in the affirmative. The body in question is a true, 
optic lens, it forms a perfect inverted image falling upon what must, 
morphologically, be considered as the percipient elements, namely, the 
rods with their contained retinidia. In order to see the images form¬ 
ed by the lens, and determine their position, one of the large eyes, 
containing little pigment, must be selected from the anterior or posterior 
edge of the mantle : one may then easily look into the interior of the 
eye, when it has been carefully removed from the shell. The eye must 
then be fixed with the optic axis nearly vertical, but with a slight inclin¬ 
ation toward the window whence the light comes. 

The images of white objects are most easily visible. I have, 
therefore, dipped a fine needle in white paint, leaving a small globule 
at the point. If the needle is now inserted between the eye and the ob¬ 
jective, a perfect inverted image will be seen in the depths 
of the eye; the globule at the end of the needle serves to orient the 
image. That the image of a much larger and distant object will be 
formed with exactly the same precision may be proved by holding the 
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fingers of the hand at the level of the ocular, when an upright image 
of the fingers, or a part of the hand, will be seen with perfect distinct¬ 
ness, below the inner surface of the lens. An upright image is seen in 
the latter case, because the inverted image, formed by the lens, is recti¬ 
fied by the microscope. In the former experiment, both the needle 
and its inverted image are reversed by the microscope, so that the 
relation between the two is retained. Any other object, when held in 
the right position, may be seen with equal distinctness. For instance, if 
one of the numerous tentacles, supplied with sense hair papillae, be 
placed over the pupil, its inverted image, with all the details of struc¬ 
ture, will be seen below the surface. One may also paint several white 
lines on the base of the objective, the images of which will easily be 
seen in the eye. That these images are not formed by reflection from 
the cornea, or surfaces of the lens, is proved: first, by the fact that the 
images are inverted and are formed below the lens; and, secondly, by 
comparing them witli the reflected images formed by the surface of the 
lens, or cornea. For instance, by focusing upon the latter, or inner sur¬ 
face of the lens, an inverted image of the moving tree tops in front 
of the window, or the base of the latter will be seen. When seen with 
the microscope, these images are inverted, and therefore are formed 
by the cornea and surface of the lens, as upright and 
reflected images. Only apart of the image, that formed in the 
centre of the eye, is perfect; the image of a large object, as the hand 
or fingers, about twelve inches from the eye, will be enlarged and curved 
at the periphery. Only the end of the horizontally held finger will be 
perfectly reproduced, while the basal part appears enlarged and bent; but 
a tentacle, just above and extending entirely across the pupil, will be 
quite perfectly reproduced as a concave image. In trying this simple 
experiment, the utmost care is necessary to have a perfectly fresh and 
uninjured eye, as the slightest pressure appears to be sufficient to pre¬ 
vent the formation of any but reflex images. But where is the image 
formed ? This may be easily determined by following successively the 
layers of the eye as far as the tapetum. First, are seen the minute hexa¬ 
gonal ends of the corneal cells, then the radiating and circular fibres 
of the pseudo-cornea and outer surface of the lens, followed by the 
large, irregularly shaped cells of the latter; then the outer layer of 
ganglionic cells above the perfectly regular but faint outline of the 
rods (which may be recognized by their resemblance to the figures 
seen by viewing the prepared isolated retina from above or below), — 
and lastly, the tapetum itself, from which issues the red light from the 
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pigment below. Jnst before reaching the tapetum, the image of any 
object in front of the pupil will be seen with the greatest distinct¬ 
ness, diminishing in definition according as the objective of the micro¬ 
scope is raised or lowered. But the rods also lie just above the tape- 
turn, so that upon them the image must be formed. A remarkable 
phenomenon may be observed, by focusing between the argentea and 
the place where the image formed by the lens is seen with the greatest 
distinctness, for there one sees a double image, less dis¬ 
tinct towards the argentea, but increasing in sharpness 
towards the focal point of the eye, where the two images 
ultimately fuse to form a single one. The only explanation 
I have to offer for the origin of this second image, is that it is a re¬ 
flected one of the first, formed by the curved surface of 
the argentea. A plain mirror would never reflect an image formed 
by a lens, since the rays of light would be dispersed; neither would the 
image be reproduced by a concave mirror, unless the curvature was 
such that the divergent rays coming from the lens impinged upon the 
reflecting surface, at right angles to the tangent at that point. In that 
case each reflected ray would coincide with the incident one, and a 
reflected repetition of the lenticular image would be reproduced, both 
being formed at the same point. The exact relation between the focal 
distance of a lens like that of Pecten , and the radius of the concave 
mirror which would again unite the rays, has not been determined 
(PI. 32. fig. 149). 


Anatomy of the Eyes. 

The mantle of Pecten would serve very well as a type, since it 
possesses all the structures found in any Lamellibranchiata, with the 
exception of the various forms of faceted eyes so characteristic of Area. 
The shell fold is separated from the ophthalmic, by a very deep furrow, 
the bottom of which is occupied by a continuous, double ridge of thick¬ 
ened cells which secrete the cuticular covering of the shell. The outer 
of these ridges, both of which extend the whole length of the mantle, is 
large and heart-shaped, while the other is high and narrow (PI. 28, c. g.). 

The ophthalmic fold projects considerably above the edge of the 
mantle, and is deeply forked at its free end. From the inner wall of its 
base, arise the innumerable tentacles, and, at certain intervals, the 
stalked eyes, which it is our purpose to consider. The tentacles are usu¬ 
ally situated between the eyes and the ophthalmic fold (PI. 28, fig. 7j, 
but occasionally the reverse may be the case. 
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The inner edge of the mantle is continued inwards to form the 
enormous velum, the free edge of which is beset with small tentacles; 
PI. 2S, fig. 2 represents a section through the mantle edge of a young 
Pecten opercular is. If one imagines all of these folds increased, and 
a greater development of the tentacles, a very good idea of the adult con¬ 
dition will be obtained. Only the ophthalmic fold is ciliated, the remain¬ 
ing portions are, however, studded with sense hair papillae. 

The distribution of the eyes offers several interesting peculiari¬ 
ties that have not been sufficiently treated by previous writers. They are 
largest and most numerous at the anterior and posterior ends of the flat, 
left valve; at those points also, the pigment ring of the eye is lighter 
and less developed, while the eye stalks are short. The pigmented ring 
is larger and blacker, and the stalks longest, in the median part of the 
mantle, but, at the same time, the eyes are farther apart, and placed at 
pretty regular intervals. One of the most remarkable things, is their 
arrangement in pairs, something in the following manner: two large 
ones are followed by two smaller ones, all at regular intervals; then 
follow two large ones, farther apart, with a single one between, and so 
on: although the sequence may not always be the same, still the 
paired arrangement is never disguised. I thought, at first, to recognize 
a definite law in the succession of large and smaller ones, but was 
finally compelled to admit that the number of eyes not only varied con¬ 
siderably, but that the sequence of the groups was not at all constant. 
We will show, in speaking of the development, that, although the 
number and size of the eyes may differ in individuals of the same age, 
no formation of new eyes takes place, after the attainment of more than 
a couple of centimetres in size. 

Another fact worthy of consideration is that, on the posterior edge 
of the mantle, and therefore near the rectal opening, there is a special 
group of six or seven large eyes closely placed, and all nearly equal in 
size to the largest eyes in the group near the mouth opening; some of 
the eyes in the latter group are distinguished by being much smaller 
than the others. Although it is difficult to define exactly the difference 
between the two groups, — since they often vary considerably, — 
still they may be always recognized by the characteristics given above. 

The eyes of the right mantle are much smaller, and almost uniform 
in size; they are situated at the summit of long stalks arranged at nearly 
regular intervals. 

In no species of Pecten is the difference between the curvature of 
the right and left valves so strongly marked, as in Pecten Jacobaeus ) 
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and in no species is to be found an equally strong, corresponding differ¬ 
ence in the size and arrangement of the eyes. I have made a great 
many experiments with Pecten Jacobaeus , and have found that, when 
turned upon the flat side, after a few hours they invariably succeeded 
in turning over. Among the large number constantly kept in the Aqua- 
rinm at Naples, I have never seen one resting on the flat valve. In other 
species of Pecten , where there is no difference in the curvature, still 
there is a tendency to rest upon the right valve; and then, also, one finds 
a corresponding difference in the development of the eyes, those on the 
right valve being, if not always smaller, at least less numerous. In 
Area barbata as well as Area Noae , an exactly similar condition is to 
be found. 

In attempting to account for this difference between the two sides 
of the mantle, the first thought suggested is that the animal has become 
accustomed to lie upon one side, so that one part is more exposed to the 
light than the other; therefore the eyes would attain their greatest 
development at that point. It is true that, when such a difference was 
once started, the advantage given to one side of the mantle would lead 
to a still further differentiation of the two parts. But why is it that 
animals, which are capable of resting upon either one side or the other, 
and between which there is no apparent difference in size or curvature, 
have more and better developed eyes upon the left, than upon the 
right fold of the mantle ? Why is it, for instance, that in Area Noae , or 
Area barbata , the left half of the mantle is more richly supplied with 
eyes, than the right, although the right, left, or ventral side may be turn¬ 
ed downwards? In Pecten opercular is , P. varius , and others, there 
is a well marked difference between the mantle edges, but in a great 
many cases it is difficult to observe any diversity in the color and 
curvature of the two shell valves. It is probable that there is a tendency 
for these species to rest more upon one side than the other, but this can¬ 
not be so constantly the case as in Pecten Jacobaeus , otherwise, there 
would be a greater, and more constant difference between the valves of 
the shell. There are, therefore, two factors which must influence the 
development of the eyes at certain points: the first is an unknown one, 
by whose agency a greater development of the pigment and visual or¬ 
gans upon the left side is produced; it is also possible that the same 
factor might cause a tendency to rest upon the right side; the second 
moment, which could only come into play after the action of the first, 
is the advantage gained by having one side nearer the light, and more 
removed from the sediment of the bottom. The best example of this 
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effect is seen in Pecten Jacobaens , which always rests upon one side, 
and where a maximum difference between the curvature of the shell 
valves is accompanied by a maximum difference in the development 
of the visual organs of the two mantle folds. But I must confess that 
the apparently doubtful advantage, gained by the eyes of the upper 
valve, does not seem sufficient to account for the great ascendency they 
have gained over those of the other side; for, unless the upper mantle 
edge, or the stalks of the eye, are sufficiently developed to carry the 
latter beyond the edge of the shell, the lower mantle would receive the 
more direct rays of light from above. But the eyes of the lower mantle 
have as long, if not longer, stalks than the upper ones, and project as 
much beyond the edge of the shell; so wc seem to be left just where we 
started from; that is, without a sufficient reason for the greater devel¬ 
opment of the eyes upon one side than upon the other. 

One finds in those species in which the eyes are especially numer¬ 
ous, — Pecten vcirius , and P. opercularis , — a number of eyes, the 
pupils of which are entirely covered with pigment. I 
have taken especial pains to examine these organs, which could no 
longer function as eyes, and have found that the retina, with its rods 
and nerve fibres, is as perfectly developed, as in the most perfect eyes ! 

In Pecten Jacobaens , the left side of each eye stalk in the right 
valve, as well as in the left, is the longer and therefore, when the ani¬ 
mal is in its natural position, the pupil is directed upwards. 

The stalk of the eye has been described as colorless (except by 
Hensen, who says that the stalk, as well as the eye itself, is covered 
with a pigmented epithelium'; but this is not so, for, on the upper side of 
the eyes on the left valve, is a longitudinal band of pigment exactly 
similar to the one over the corresponding side of the tentacles. In the 
lower mantle fold, the bands are, morphologically speaking, on the op¬ 
posite side, or on that part away from the shell. In both cases, when 
the animal is in its natural position, the pigmented bands are on the 
upper side of the eye stalks, and therefore towards the light. 

The pigmented ring, around the apex of the eye, offers certain pe¬ 
culiarities which have heretofore escaped notice, or perhaps were not 
thought worthy of consideration. For instance, in the eyes on the median 
part of the mantle, the cells on the upper side of the iris are completely 
filled with a nearly black pigment, most deeply colored at the inner 
ends of the cells (PI. 29, fig. 19). When seen »in toto«, this portion 
forms a specially dark area, continuous with the pigmented band on the 
same side of the eye stalk. In these median portions of the mantle, the 
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under side of the iris has little, or no pigment, and then the red tape- 
turn may easily be seen through the transparent epidermis, giving to the 
eyes a characteristic red color. In all eases, the cells on that side of the 
iris toward the light are darker, and completely filled with pigment; 
on the opposite side, only the inner ends of the cells are colored. 

In the young eyes of Pecten Jacobaeus and P. opercularis , the pig¬ 
mented ring, or iris, is broader on the branchial, than on the shell side. 
In the development, the pigment first appears on the branchial side and 
grows around the eye. But it often happens that the closure of the ring 
is not completed even in the fully formed eyes. The incomplete closure 
gives rise to a narrow, colorless fissure, the choroid fissure, appear¬ 
ing like a triangular extension of the cornea toward the shell side of 
the iris. By selecting those eyes with a large choroid fissure, one may 
look through it into the eye, and study the shape of the lens and the 
general features of the retina. 

Since the general structure of the eye has long been so well 
known, it will not be necessary to give an introductory description, 
before discussing, in detail, the structure of the various parts. 

The beautiful silvery, emerald, violet and purple reflections, caused 
by the combined effect of the tapetum, argentea and lens, early excited 
the admiration of Zoologists, and, among all the remarkable objects 
which the prying eyes of the older, or more recent Naturalists have 
managed to discover, few are more beautiful, or worthy of admiration 
than these. When one looks into the pupil, at an angle of about 30° to 
the optic axis, the emerald and violet reflections are predominant; if, on 
the other hand, one looks at an angle of 90°, or directly into the eye, the 
former color disappears, and only the brilliant sparkle of the refractive 
lens, or the white light of the argentea, is seen. 

The tapetum , as is well known, is somewhat concave, and fur¬ 
nishes a perfect mirror for incident rays. But if the microscope, with 
which one looks directly into the eye, is focused upon the argentea, 
the red light from the underlying tapetum may be distinctly seen, thus 
indicating that, although light may enter the eye from below, very little 
may pass the argentea from above. When the lens is removed, the sil¬ 
very glance of the argentea is retained, but the violet and emerald colors 
have disappeared. 

The whole external surface of the eye is covered with a continuous 
layer of columnar epithelium, lowest near the base of the stalk, whence 
it gradually increases in height as far asjthe iris, at whose edge it is 
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suddenly reduced in thickness and. losing its pigment, becomes trans¬ 
formed into the transparent cornea, the central part of which is the 
thickest. 

The corneal cells (PI. 29, fig. 31) are columnar, constricted in 
the middle, and slightly expanded at either end; the onter one is capped 
with a layer of cnticula, while the wall of the inner is thrown into a 
number of narrow folds, which fit into corresponding indentations of the 
neighboring cells. These folds extend nearly to the middle of the cell, 
and end about opposite the oval nucleus. An excellent method of study¬ 
ing these structures is either to remove the cornea as a whole by harden¬ 
ing and subsequent maceration, or to isolate the individual cells. In 
the former case (PI. 29, fig. 37), when viewed from the inner side, the 
round serrated ends of the cells may be easily seen, while, by focusing 
more deeply, the nuclei, and finally the hexagonal or pentagonal outer 
ends of the cells, appear. In the latter case (by maceration), besides 
the inner folds of the cells, there will be seen, in the median constricted 
part, a number of irregular, horizontal 'teeth (PL 29, figs. 31 and 19). 
They are probably modified, longitudinal folds, which, at this point, 
are broken up into irregular, spine-like projections, interlocking with 
those of the adjacent cells. The inner ends of the longitudinal folds are 
continued inwards as fine fibres, crossing the pseudo-cornea, and unit¬ 
ing with the outer surface of the lens (PI. 29, fig. 19). This inter¬ 
locking of the corneal cells, which is also found — but in a less perfected 
form — in the hypodermis of the eye stalk, gives greater firmness and 
flexibility to the cornea, a condition necessary for the peculiar move¬ 
ments produced by the ciliary, and other contractile fibres, which we 
will describe more fully hereafter. 

The cells of the iris only differ from those of the cornea, in their 
greater size, and in being completely filled with pigment. When isol¬ 
ated, they seem to possess the same plicated inner ends, as those of the 
cornea, except that the folds assume more the character of fibres con¬ 
tinued into the subjacent connective tissne. The outer ends are capped 
with a rather thick cnticula. Hensen (12) seemed inclined to regard them 
as sense-cells, which had something to do with the optic function of the 
eye. Sharp (18) held a similar opinion, ascribing to them the power of 
distinguishing light from darkness, just as do the cells in the pigmented 
spots and grooves in the mantle and sipho of Venus , Mactrci and Solen , 
w T hile, to the complicated organ within, — the eye, — he would attri¬ 
bute another function than that of vision. Sharp’s supposition arises from 
a mistaken notion of what the visual elements, in the pigmented areas 
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lie has described, really are. It has not, in any case, been proved, that 
simple, pigmented cells are sufficiently sensitive to changes in the 
amount of light to cause muscular contractions (the only evidence that 
we at present possess to show that such a function is present); on the 
other hand, it is extremely probable, from my observations, that the 
irritability to light is only found, to a perceptible degree, in what I 
have called the isolated ommatidia. 

The much deeper pigment of the iris on the side toward the light, 
and the absence of nerve fibres, or isolated ommatidia, indicate that the 
iris is merely a structure for the exclusion of lateral rays of light from 
the retina. 

The cilia, which Hensen believed to have seen on the outer ends 
of these cells, were probably ragged ends, caused by maceration or 
tearing away of the cuticula, or they belonged to ciliated cells from 
some other part of the mantle, since no cilia, or sense hairs are to be 
found on any part of the epithelium of the eye. 

The stalk itself consists of loose, connective tissue, often containing 
enormous bloods paces. Besides the connective tissue forming the wall 
of the lacunae, there is an upper and lower group of long, striated, 
muscular cells, serving as erectors and depressors of the eye. They are 
continued from the stalk toward the anterior pole of the eye, into the 
connective tissue layer (PL 29, fig. 19 c. t . c.), where, the cross striae 
disappearing, they are replaced by numerous, fine, smooth fibres, 
interspersed with nuclei. The fibres decrease in size and distinctness, 
until, just beneath the cornea, they form an almost structureless and 
hyaline layer — the pseudo-cornea, — in which nuclei are seldom 
found. Beneath the iris, some of the fibres are seen to originate from the 
ends of pigment cells, while, at the edge, many fibres which, up to that 
point were distinctly visible, appear to terminate with an outward curve, 
as though attached to the epithelium at that point, forming what we 
shall call the ciliaris (PL 29, fig. 19 c. /.). 

The lens which, as the development shows, consists of a modified 
group of mesodermic cells, continuous with those of the pseudo-cornea 
and connective tissue capsule, is round and biconvex, with the inner sur¬ 
face much more curved than the outer. It consists of large, irregular, 
granular cells with very distinct walls and excentric nuclei. The elon¬ 
gated cells in the middle of the lens are the largest, the long diameter 
being parallel with the optic axis. Toward the inner surface, they be¬ 
come flattened and strap-shaped to form cells, the nuclei of which seem, 
in many cases, to have entirely disappeared. On the anterior side, the 
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cells are smaller, but not flattened, while, where the two surfaces of the 
lens meet, they are so minute as to be distinguished only with great 
difficulty. By isolating the lens, this part is seen to project as a ragged 
membrane, composed of fibres continuous with those of the connective 
tissue capsule (PI. 29, fig. 23 c. /.). This membrane will be called the 
suspensory ligament. The outer surface of the lens is covered 
with two sets of fibres, most conveniently observed in the isolated cor¬ 
nea, or on the surface of the lens, to either of which they may remain 
attached PI. 29, fig. 37). They form a layer of strong, circular fibres, 
concentrically arranged, and superimposed by a smaller number, of ra¬ 
diating ones extending from the periphery of the lens to the centre, to¬ 
ward which they gradually diminish in size. In cross sections, the 
circular fibres of the lens appear as a row of dots, forming a sharp de- 
markation of the outer surface of the lens (PI. 29, fig. 19 c.f. L). 

The inner surface of the lens is sparingly supplied with branching 
fibres, which in Pecten opercular is accumulate near the centre to form 
a fibrous mass containing an occasional nucleus, and connecting the 
lens with the septal membrane (PI. 29, Fig. 23 /. L). This internal liga¬ 
ment I have been unable to find in Pecten Jacobaeus , where, if present 
at all, it is much less developed; one may, however, observe on the sur¬ 
face, the branching fibres which, becoming more abundant towards the 
exterior, finally unite with the radiating, or circular, ones to form the 
suspensory- ligament. 

The lens of Pecten opercularis , being smaller than that of Pecten 
Jacobaeus , is more favorable for observation, and here one may see, what 
probably exists in the latter genus likewise, a special accumulation of 
circular fibres to form two contractile rings, close together on the inner 
and outer surface of the lens (PI. 29, fig. 23 a x and a 1 2 ). In Pecten 
pasio x , the lens is relatively small, and the inner surface less convex 
on account of the enormous development of the cornea (PI. 29, fig. 10). 
In Pecten varius the high, conical lens is firmly attached by a connec¬ 
tive tissue ligament to the septum, and the pupil is proportionately small. 

Recent authors have hardly been more successful than the earlier 
ones, in determining the true shape of the lens. Keferstein (11) be¬ 
lieved it to be spherical, while Hensen (12), who in this respect 
is less accurate than usual, represents it as filling the entire space in 
front of the retina, and, although his own observations agree with those 
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of Krohn 3), who considered it biconvex, he cannot see sufficient rea¬ 
son to combat the definite description and drawings of Keferstetn. The 
flattened appearance of the lens, drawn by Hensen, is caused, as he 
rightly supposed, by the chromic acid, since I have myself observed 
that an exactly similar shape is produced by treatment with this re¬ 
agent. A similar result also appears to have misled Carriere (19), 
whose drawing represents exactly the effect certain reagents produce 
upon the shape of the lens. Hickson (15), who was surprised at the 
failure of his predecessors to determine such a simple point, has 
himself been equally unfortunate, for he considers the lens to be ellip¬ 
tical, a cross section being circular, or equally biconvex, according as it 
passes through the major, or minor axis. Sharp was led to believe, from 
the researches of Hensen and his own observations, that the lens filled 
the entire space between the retina and cornea. 

The soft nature of the lens renders it almost impossible to isolate 
uninjured, before it is hardened; the majority of reagents destroy its 
original shape, by causing violent contractions of the muscular walls of 
the eye. Treatment in weak sulphuric acid for twenty-four hours will 
enable one to isolate the lens in its perfect and normal condition. By 
examining many specimens, some eyes will be found with large, cho¬ 
roid fissures, through which the real shape of the lens may be studied 
and compared with those treated in sulphuric acid. 

Neither Hensen nor Hickson could find any membrane covering 
the lens, or any fibres connected with it, although the latter described 
a ligamentary support for it, ignorant of its having been already more 
correctly described by Ivrohn, as the septum, or septal mem- 
br an e. 

The lens is suspended in a large, blood sinus, which has been 
regarded as a »vitreous bumor.« Carriere first saw the isolated cells in 
this space, and correctly interpreted them as blood corpuscles. I am at 
a loss to account for their presence there, since the retina seems to shut 
out all communication with the blood cavities of the eye stalk. They 
probably enter through the narrow spaces between the lateral branch of 
the optic nerve and the surrounding connective tissue. At times, a great 
many blood corpuscles are found in these spaces, while, again, they 
may be entirely absent. It is possible that they are forced into the cavi¬ 
ty artificially by the violent and unnatural contractions of the connective 
tissue, caused by reagents. 

The lens and the two corneas form the anterior, dioptric part of 
the eye. The posterior portion consists of a thick, concave disc, com- 
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pletely enclosed within a membranous sac, which we shall call the om- 
mateal sac. The thick, anterior, concave wall, or septal mem¬ 
brane (PL 29, fig*. 19 $.), serves at once to protect the ends of the 
retinal cells, and as an elastic cushion, upon which the lens rests. The 
inner wall is still thicker, and constitutes the tough, double-layered 
sclerotica ^fig. 19 sc.). At the confluence of these two membranes, 
the wall of the sac is much thinner, and perforated by innumerable pas¬ 
sages for the entrance of nerve fibres from the axial branch of the optic 
nerve. Within the ommateal sac , the cells constitute a closed vesicle, 
whose anterior and posterior walls are so closely approximated as to 
touch each other, thus obliterating the central cavity. The wall of the 
vesicle, for theoretical reasons to be hereafter enumerated, we shall con¬ 
sider as composed of a single layer of cells, although this simple 
arrangement is obscured by many changes, resulting in the division of 
both anterior and posterior walls into several secondary layers. The 
posterior wall of the ommateal vesicle, then, consists of four layers: 
an outer vitreou s n ctwor k; a double layered argentea, and the red 
tapetum. The anterior wall is likewise composed of four layers: an 
outer ganglionic layer; an inner ganglionic layer; the retino- 
pliorae , and the rods containing the retinidia. 

We shall first consider the retinopkorae, which constitute the 
largest and most important part of the retinti. Their attenuated outer 
ends, which become insensibly transformed into single nerve fibres, 
are attached to the periphery of the retina, whence they are directed in¬ 
wards towards the optic axis (fig. 19 n. rf.). The most superficial of 
these cells, after describing a long curve, bend suddenly at their ex¬ 
panded inner ends almost at right angles, and terminate in the centre of 
the retina. As the remaining cells end nearer the periphery, their ex¬ 
panded inner extremities become relatively larger, longer, and less 
sharply bent, until, finally, the shortest and peripheral cells describe a 
nearly perfect semicircle (PL 29, fig. 19). A saucer-shaped layer of 
cells is thus produced, whose edges are formed by the curved, fibrous 
ends of the retinopkorae, the large, oval nuclei of which (containing 
a nucleolus) are crowded together at the periphery of the retina. Beyond 
the nuclei, the cells are continued as slender stalks which, before 
reaching the ommateal sac, through which they pass as a single nerve 
fibre, become expanded into a delicate, oblong vesicle, containing a 
second, faintly stained, and often invisible nucleus (PL 29, figs. 34. 35 
and 36 b.). The expanded, inner extremities of the cells, filled with 
fine, granular protoplasm, and containing a very faint and minute 
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vacuole, only conspicuous by the constancy of its presence and posi¬ 
tion, terminate at the same level, and form a gently undulating line of 
division (the pseudo-membrane, or sieve-membrane of Car¬ 
riere) between the cellular layer of the retina, and the underlying rods. 
The sharpness of this line is enhanced by the fact that the flanged walls 
of the inner ends of the cells unite with those of the neighboring ones. 
An exceedingly small space, or canal, surrounding the inner ends of the 
cells, is thus formed. 

A delicate, structureless wall separates the retinophorae from their 
rods, thus tending still more to produce the impression that a mem¬ 
brane is present. Hensen and Carriere called attention to this effect, 
in order to warn against it. Hensen attributed it to the fusion of the 
walls of the neighboring cells, but failed, as did also Carriere, to see 
the dividing wall. By studying a series of cross sections at the niveau 
of the pseudo-membrane, some cells will be seen containing, instead of 
the granular protoplasm, a thin, homogeneous partition, — the ter¬ 
minal membrane, — the centre of which is perforated by the axial, 
nerve fibre (PL 29, fig. 2G x ). 

The large, abnormal folds figured by Hensen, Hickson and Car¬ 
riere, especially the two former, are produced by the contraction of the 
elastic septum, which, in the living condition, is always in a state 
of tension. 

Most of the retinophorae have the peculiar shape indicated in the 
figures, but a comparatively small number of modified forms, which 
have escaped previous observers, are mingled with them. They are re¬ 
tinophorae containing the axial nerve fibres and the two nuclei, but 
differing from the others in being reduced almost to a fibre (Pl. 29, 
fig. 36). They are not easily seen in sections, but may be found quite 
frequently among the macerated and detached cells of the retina. 

Although I have found some very long ones, which must have ter¬ 
minated near the centre of the retina, they are most abundant near the 
periphery, where they become gradually transformed into the short, 
fibrous cells, without rods, which, for lack of a better name, I shall call 
the pseudo-retinophorae (PL 29, fig. 38 rf .). 

The rods of the retinophorae, which are at once the most in¬ 
teresting part of the eye, and that most difficult to understand, have 
long resisted all attempts to harden them in anything like a perfect con¬ 
dition. The only method which gives satisfactory results is treatment 
in hot chromic acid as described at the end of this paper. 

My first studies upon the rods of Mollusca were made upon those 
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of Pecten prepared in this manner, and the facts thus obtained formed 
the basis of further observations in other genera of Mollusca, as well as 
Arthropods. 

Although the rods of Pecten have been described by Hensen, 
Carriere and Hickson, they had a very inadequate notion of their 
structure, or even shape, owing to the lack of proper means of prepara¬ 
tion. They are columnar-shaped bodies of a faint, yellowish-red color, 
largest near the optic axis and gradually diminishing in size toward 
the periphery of the retina. They consist of a hyaline, refractive cap, 
or sheath, surrounding a pyramidal, axial core filled with a watery, 
non-refractive fluid, and, a short distance from the inner ends of the 
rods, terminating in a rounded apex (PI. 29, fig. 20). 

Each retinophora contains an axial nerve fibre (ax. /.), which, 
entering the attenuated end of the cell, is continued through the first 
vesicle-like swelling (to whose wall it seems to cling), past the second 
nucleus, and on, through the centre of the cell, to the inner end of 
the rod, whence it issues, and, dividing into two main branches, be¬ 
comes united by connecting loops with the axial fibres of neigh¬ 
boring cells (fig. 20 l. ax.f' 1 .). In order to study these highly inter¬ 
esting conditions, it is necessary to remove the rods »en masses, and 
then study their inner ends. From the dark, oval area, representing the 
apex of the axial cone (PI. 29, fig. 22) seen in optical section, arises a 
large nerve fibre, which issues from one side of the rounded inner ends 
of the rods, and divides into two principal branches, one of which 
unites with a branch from a neighboring rod to form a »nerve loop«, 
while the other, bending nearly double, passes between the rods, 
there giving rise to innumerable fibrillae which surround their outer 
walls. The ends of the rods are also supplied with minute nerve fibrillae 
arising from the loops, as well as from the other branches (PI. 29, fig. 22). 

Toward the inner ends of the retinophorae, the axial nerve fibre 
begins to give off radiating fibrillae, which, in the rods, are so numerous 
as to constitute the greater part of their substance. When perfectly 
preserved, which is seldom the case, they form an almost solid core of 
straight, radiating fibres, some of which, at the inner wall of the sheath, 
become continuous with circular fibres, while others are continued on, 
through the sheath, to the surface of the rod, there uniting with 
branches from the external nerves arising from the ganglionic layer 
or from the ganglionic branch of the optic nerve (PI. 29, figs. 20 and 24). 
In some preparations, the core seems to be filled with fine granules, 
produced by the coagulation of the fibrillae. In others, the fibrillae are 
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seen to be strongly varicose, so that, with a lower magnifying power, 
the same granular effect is produced, while, with the strongest immer¬ 
sion lens, Y 20 Leitz, the connection between the varicosities may be 
distinguished. In the most perfect examples, the fibrillae are in the 
majority of cases smooth. Another and better proof that the structures 
in question are real fibrillae, proceeding from the axial nerve, may be 
obtained in the following manner. By treatment, for 18 hours, in chromic 
acid, V 4 ov V 5 °/o? a peculiar effect is produced, for, upon sections of 
such material, or by teasing in dilute chromic acid, it will appear as 
though the rods were destroyed, or at least so badly distorted and broken, 
as to lose all trace of their former shape. The fact is, however, that 
the rods have burst, the inner ends broken off, and the contents been 
forced out, or left hanging in various positions. The ragged sheaths 
of the rods are usually left attached to the ends of the retinophorae. It 
is the nervous cores of the rods which interest us most, and many of 
them may be found as oval, or egg-shaped masses, with one end drawn 
out into a coarse fibre, either perfectly free, or showing all stages of de¬ 
tachment from the rods; there can be, therefore, no doubt of their origin. 
On closer inspection, it will be seen that the fibrous prolongation, which 
is the detached, axial nerve, is continued into the centre of the mass, 
and there gives rise to lateral branches, which on the periphery be¬ 
come continuous with irregular, circular ones. The relation, which these 
three series of fibres bear to those of the axial core, is so evident as to 
be beyond question and furnishes a proof that the nervous structure, 
attributed to the rods, really exists and is not produced by the coagu¬ 
lation of the rod substance. In osmic acid, the rods are stained a deep 
blue, or black, not due to any fatty substance contained in them, as is 
shown by their determined resistance to all fat solvents, but to the 
innumerable nerve fibrillae, with which the entire rod is permeated. 
Hensen first saw the axial nerve fibre in the retinophorae, and was able 
to follow it a short distance into the cell. His remarks lead one to be¬ 
lieve that it was a disagreeable duty to record his observations, on ac¬ 
count of the difficulty of bringing them into agreement with his remar¬ 
kable theory upon the connection between sense cells and nerve fibres! 
Carriere (19), also, saw what was probably the axial nerve, but did 
not consider it as such because, in focusing, it moved back and forth 

(p. 106)! 

Finally, a word in regard to the nuclei of the retinophorae. No one 
was able to determine, among the confusion of nuclei, which of them 
belonged to the retinophorae. Hensen does not mention the subject in 


Eyes of Molluscs and Arthropods. 


587 


the text, but, from his figure 95, PI. XXI, one sees that lie regarded the 
inner ganglionic cells as nuclei. Carriere, also mistook them for the 
nuclei of the retinophorae while, the real nuclei, lie regarded as those 
of a circular ganglion, to which he attached considerable importance. 
The observations of Hickson are so poor, that it is impossible to deter¬ 
mine exactly what he did think. 

Besides the retinophorae, two other groups of cells, the inner, 
and outer, ganglionic layers, are found, adding to the compli¬ 
cation of this minute organ. The outer layer, which in its median, 
thickest part is two, three, or even four cells deep, and toward the peri¬ 
phery, gradually diminishes in thickness to a single cell layer, entirely 
fills the saucer-shaped cavity formed by the retinophorae. 

Although the cells show all variations in size and shape, three 
types may be distinguished. 

(1) The larger, outer ones, whose broad ends terminate in many 
fibres which penetrate the septal membrane and unite with the superior 
branch of the optic nerve. Their blunt inner ends, containing large, oval 
nuclei, are drawn out into several fibres, which, with many others from 
the deeper cells, extend, radiatingly, towards the inner ends of the re¬ 
tinophorae, after crossing which, at right angles, they are continued 
along the walls of the cells, to the rods (PI. 32, fig. 140 gc*.). 

(2) The second kind are large, irregularly shaped cells, drawn out 
into several fibres, a single one, directed toward the lens, being the 
largest, and dividing, just before entering the fibrous layer, into several 
small branches, which are continued onwards to the ganglionic branch 
of the optic nerve. The outer arms of these cells may be as fine as any 
nerve fibre, or much thicker, resembling an elongated cell; in this case, 
it terminates abruptly at the beginning of the fibrous layer, where it 
breaks up into a number of fine fibres. The inner ends of the cells, 
which contain large and nearly round nuclei, are drawn out into several 
fibres, like those of the first type, extending towards the inner side of 
the retina (PI. 29, fig. 33 b ) and PI. 32, fig. 140 gc*.). 

(3) The cells of the third form are small and provided with numerous 
nervous prolongations, one of which passes through the fibrous layer 
into the outer branch of the optic nerve, wdiile others extend inwards 
towards the rods (PI. 32, fig. 140 gc*.). All these kinds of cells, which 
show no very definite arrangement except that the first generally con¬ 
stitute the outer row, are evidently modified forms of the same ele¬ 
ments. 

At the periphery of the retina, the outer ganglionic cells are re- 
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duced to a single layer, extending as far as the thin wall of the om- 
mateal sac, where the fibres from the axial branch of the optic nerve 
enter the retina. These cells are drawn out into two long fibres, which, 
instead of penetrating the deeper parts of the retina, form an irregular 
layer of superficial, circular fibres. By isolating the entire retina and ex¬ 
amining it from above, the large, oval nuclei will be seen and the pro¬ 
longation of the spindle-shaped cells may be followed a short distance 
(PI. 29, fig. 32 d). Toward the centre of the retina, the cells grow large 
and round, until transformed into those of the outer, ganglionic layer. 

The inner ganglionic layer is composed of a single row of very 
small, flattened cells, which, when seen at all, were mistaken by pre¬ 
vious writers for the nuclei of the retinophorae. This mistake is readily 
made, since the small cells, almost completely filled with a flattened and 
deeply stained nucleus, are squeezed flat between the walls of the retino¬ 
phorae. The best method of studying them is by teasing macerated 
eyes; the minute cells in question will then be seen closely attached to 
the side of the retinophorae, — near the angle formed by their bent, 
inner ends, — by means of several (6 or 7) radiating arms, which, ad¬ 
hering closely to the wall of the cell, extend nearly parallel to each 
other, towards the rods (PI. 29, fig. 38). On the outer side, one or two 
large fibres extend towards the lens and become continued into the gang¬ 
lionic branch of the optic nerve (PI. 32, fig. 140 gc h ). Thus the enlarged, 
inner ends of the retinophorae are surrounded by innumerable, longi¬ 
tudinal fibres, which extend beyond the cells to the inner ends of the 
rods, over the surface of which they form a network of fibres. One will 
often be struck with the difficulty of separating these ganglionic cells 
from the retinophorae, the reason being that the outgrowths of the cells 
are provided with innumerable, lateral branches completely surrounding 
the retinophorae with a network of closely united fibrillae, which prob¬ 
ably penetrate the cell wall. When one has finally succeeded in isolat¬ 
ing them, either by prolonged maceration, or by persistent tapping upon 
the cover glass, many of the fibrillae will be seen still attached to the 
fibrous prolongations of the cells (PI. 29, fig. 36 y). There are, more¬ 
over, many nerves arising from the outer layer of ganglionic cells and 
continued directly onwards to the rods, while others, breaking up into 
numerous smaller fibres, terminate in the walls of the retinophorae. The 
nerves terminate in two ways. In the first method, which rarely occurs, 
a single fibre impinges directly upon the cell wall and there divides into 
several short fibrillae, connected at their distal extremities with a cir¬ 
cular fibril enclosing the whole (PI. 29, fig. 36 x). In the second method, 
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a nerve fibre, after following the cell wall for some distance, giving off at 
irregular intervals smaller, lateral branches, finally becomes so minute 
as to disappear. Many small nerve branches, instead of penetrating the 
pseudo-membrane, unite with each other to form a network of fibrillae, lodg¬ 
ed in the circular spaces formed by the flanged walls of the retinophorae. 

There are still other nerve fibres, surrounding the attenuated outer 
ends of the retinophorae, which could not have originated from either 
of these ganglionic layers. They probably arise from the angle of the 
ganglionic nerve (PI. 29, fig. 19), and, entering the periphery of the re¬ 
tina, follow the general direction of the axial nerves to the inner ends 
of the retinophorae, where they are lost among the other nerve fibres 
from the ganglionic layers. It is well nigh impossible to follow a 
single fibre any distance from its source of origin, but we can say with 
certainty that most, if not all, of the large fibres from the inner gang¬ 
lionic cells extend directly inward, over the surface of the rods, while 
others, from the same cells, extend in the opposite direction to the gang¬ 
lionic nerve. The inwardly directed fibres may terminate on the wall 
of the retinophorae, or be continued beyond the pseudo-membrane to the 
surface of the rods. Their outwardly directed ends may vary from thick, 
cell prolongations, terminating in many fine fibres, to attenuated pro¬ 
cesses, themselves no larger than fibres, and which are then continued 
outward, wdthout branching, to the ganglionic nerve. 

There are still other kinds of nerves found in the retina, which, 
instead of originating from one of the layers of ganglionic cells, may arise 
from the ganglionic branch of the optic nerve, and proceed directly to the 
retinal layer, without the intervention of a ganglionic cell (PI. 32, fig. 140). 

The fibrous layer has been described by Carriere, as a thin layer 
of nucleated, columnar cells; Hensen believed it was produced by shrink¬ 
age and a consequent drawing out of the nerve fibres from the septum. 

Many of the inner cells of the outer, ganglionic layer present a 
most interesting and instructive sequence of forms. Their inner ends are 
drawn out into several fibres, while the outer end shows all stages in 
the transformation of a thick cell body into one or two nerve fibres. One 
often finds parts of cells, not quite reduced to a nerve fibre, 
but giving off lateral branches, which unite with the 
neighboring cells (PI. 29, fig. 33, PL 32, fig. 140 gc.*). I have 
also found minute, inner, ganglionic cells, to whose surface was attached 
a nerve fibre ending in a manner exactly similar to those upon the sur¬ 
face of the retinophorae (fig. 140 x). The ganglionic layers, therefore, 
contain cells in all stages of metamorphosis, from ordinary cells, to the 
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most highly modified ganglionic ones. Those nerve fibres, which arise 
directly from the ganglionic branch, may be considered as the inner ends 
of ganglionic cells, the nucleated bodies of which in the earlier stages 
have become entirely separated from the retina. The ganglionic layer 
then contains cells in all stages of ganglionic perfection, and showing all 
grades of union with themselves and with the real sense organs, — the 
retinophorae and their rods. 

Having traced all these fibres to the rods, it remains to see how 
they terminate there. In cross or longitudinal sections, they are extra¬ 
ordinarily difficult to see, but, by isolating the rods hardened in hot 
chromic acid, the difficulties will be materially diminished. By the latter 
method then, one may see the surface of the rods covered with longitu¬ 
dinal fibres, from which arise innumerable, smaller branches encircling 
the rods with a meshwork of fibrillae (PI. 29, fig. 20). The larger, 
longitudinal fibres, instead of growing gradually smaller toward the 
inner extremity of the rod, retain their original size, and, dividing into 
one or two branches, unite with each other by arched loops (PI. 29, 
fig. 22). From these external loops may arise a few minute fibrillae. 
which extend over the inner end of the rod. All these fibres adhere so 
firmly to the surface, that it is extremely probable the ultimate fibres 
penetrate the rod and become continuous with the cross fibrillae of the 
axial nerve. The latter, as we have already said, after issuing from 
one side of the extremity of the rod, divides into two branches; one of 
which unites with the axial nerve of the neighboring cell, or, in some 
cases, passes over the end of one rod to unite with the nerve of the next; 
the other, bending completely double, passes between two adjacent 
rods, over the surface of which its branches are distributed. 

A remarkable peculiarity will be observed by examining the inner 
surface of a group of detached rods; it will there be seen that the 
loops of the axial nerves are all turned in the same di¬ 
rection. It is not improbable that some relation exists between this 
fact, and the original arrangement of the two cells, by the fusion of 
which the retinophorae were formed. In the very best preparations, the 
most careful examination failed to discover any trace of a division in the 
rods, similar to that found in those of Area . 

On the periphery of the retina, the rods are absent, and the rctino- 
phorae reduced to slender fibres, the nuclei of which are difficult to 
distinguish from those of the inner, ganglionic layer. In fact, at this 
point, the retinophorae, and the inner ganglionic cells, together with 
many nerve fibres from the outer ganglionic layer, form an inextricable 
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mass of interlacing fibres, which are less intricate near the inner surface 
of the retina, where the prolongations of the first two sets of cells form 
a layer of parallel fibres, directed toward the inner surface of the eye. 

At the periphery of the circular, rod-bearing area, the nuclei of the 
short rctinophorae are situated near the pseudo-membrane in large 
vesicle-like swellings of the cell, whose narrow and rodless inner ends 
are surrounded by several large fibres from the inner, ganglionic cells 
(pi. 29, fig. 3S n. rf . 2 ). The latter, which elsewhere formed a single 
row above the rods, on the periphery of the retina become more numerous, 
and form, near the inner surface, several rows difficult to distinguish 
from the nuclei of the pseudo-retinophorae. It is worthy of notice that, 
on the periphery of the retina, there is much less specialization of the 
cells, the retinophorae being smaller, and the inner ganglionic cells 
larger, than in the middle of the eye. 

There are certain points in the anatomy of the retina that may be 
studied to great advantage, by isolating it entire, and, after staining in 
picro-carmine, examining either from above or below (PL 29, fig. 32). 
In the former instance, one sees at the edge, first, the superficial, single 
layer of outer ganglionic cells (cl); below them are the slender ends of 
the retinophorae, with the inner ring of their large, deeply stained nuclei, 
and the outer ring of vesicles containing the faintly stained ones (< c ); the 
nerve fibres continuous with the peripheral ends of the retinophorae 
are seen projecting in groups beyond the edge of the retina. 

Beneath the retinophorae, is a small number of scattered nuclei 
contained in large spindle-shaped vesicles, filled with a mass of granu¬ 
lar protoplasm in the centre of which is a clear space, containing an 
oval, sharply stained nucleus [b). These nuclei belong to those cells which 
form the transitional stages between the retinophorae and the pseudo- 
retinophorae. Whether the clear space surrounding the nucleus is pro¬ 
duced by artificial shrinkage, I cannot say; it is, however, certain that 
the space is invariably present, and furnishes a means by which these 
cells may be easily recognized. Beneath the last layer, is a fourth, 
formed by numerous, small, sharply stained nuclei belonging to the 
inner ganglionic cells, and the pseudo-retinophorae. Toward the inner 
surface, to examine which it is better to turn the retina on the other 
side, these smaller nuclei begin to assume a circular arrangement, being 
placed with their flattened sides toward the centre of the retina (a). At the 
surface, the nuclei have disappeared, and we have, instead, a delicate 
membrane reaching from the edge of the retina to the beginning of the 
rods, and extending completely round the retina (PL 29, figs. 32 and 
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38 c.m.). In this manner a circular membrane — membrana circu- 
1 aris — is formed, composed of nearly concentric, circular fibres, often 
expanded into little knob-like swellings, which stain in haematoxylin, 
and have the appearance of nuclei. It is possible that they may be the 
aborted nuclei of those cells, by the fibrous transformation of which the 
circular membrane was formed; but the structures in question were so 
minute that it was impossible to arrive at any definite conclusion. The 
circular membrane seems to be divided into two, nearly equal zones, of 
which the inner is thicker and better defined, and terminates sharply at 
the edge of the disc-shaped layer of rods; the outer zone diminishes in 
completeness towards the periphery, where it gradually disappears. 

The four layers just described; the outer and inner ganglionic 
layers, the retinopkorae, and the rods, are all modifications of a single 
layer of cells forming the outer wall of the optic vesicle. Its inner wall 
is likewise composed of four layers; the vitreous network, the inner 
and outer argen tea, and the tapetum. In each wall of the optic ves¬ 
icle, three of the four layers are cellular, while one, formed by the rods 
in one instance and the vitreous network in the other, is non-cellular. 

The vitreous net work is extraordinarily difficult to preserve in 
its natural shape, and has, for that reason, been overlooked by previous 
authors. Carriere (p. 104) speaks of the rods as being immersed in a 
fatty substance (staining deeply in osmic acid), which extends between 
the rods as far as the sieve-membrane on the one side, and is limited by 
the tapetum (argentea) on the other. This fatty mass is formed by the 
fusion of the sheaths of the poorly preserved rods, while what he con¬ 
sidered as the rods are simply the axial cores. The fatty mass of 
Carriere must not, therefore, be confounded with the vitreous net¬ 
work, which may be regarded as a very thin layer of hyaline sub¬ 
stance, perforated by large holes into which the inner ends of the rods 
fit (PL 29, fig. 21). The holes, then, are as large, and have the same 
hexagonal or pentagonal shape, as the inner ends of the rods ; they are 
separated from each other by narrow bars, provided at their points of 
union with short, vertical projections, which ascend a short distance be¬ 
tween the inner ends of the rods. — The vitreous substance, therefore, 
forms a complete network, the meshes of which constitute a crown for 
the inner end of each rod, completely filling the narrow space left be¬ 
tween their rounded edges and the argentea. On the periphery of the 
retina, where the rods are absent, the vitreous network is transformed 
into a thin plate filled with numerous and irregular holes (PI. 29, 
fig. 21 a). The vitreous network, as is indicated by its development, is 
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a cuticular secretion of the outer layer of the argentea, and is ho¬ 
mologous with the cuticular rods secreted by the retinophorac. 

The argentea is formed by the modification of two cell layers into 
refractive, laminated membranes, the outer being the most highly diffe¬ 
rentiated. Each membrane is composed of minute, square plates, 
whose edges are bevelled in such a manner that the outer faces are 
smaller than the inner, which rest upon the undifferentiated, under sur¬ 
face of the membrane by which all the plates are held together. In 
passing inwards, the membranes become thinner, less distinct and re¬ 
fractive, while the lamellated structure entirely disappears. 

In sections, the retina is usually separated by a considerable space 
from the two, folded layers of the argentea, which, in the living con¬ 
dition, is perfectly smooth and concave; its thicker outer layer, in the 
adult condition, never contains nuclei, although one or two may occasion¬ 
ally be found in the inner, less refractive and less differentiated one. 
The argentea is thicker in the centre of the eye, whence it gradually 
diminishes to a thin layer, extending to the periphery of the retina, and 
terminating at the place where the fibres from the axial branch of the optic 
nerve enter the ommateal sac. In the outer membranes of the argentea, 
the spaces separating the squares from each other are not superimposed, 
but arranged so as to fall above the middle of the underlying squares 
(PI. 29, fig. 29). In the inner membrane, where the square plates are 
either extremely thin, or entirely absent, it is impossible to recognize 
this arrangement. When the argentea is »in sitiur, it reflects a soft, 
silvery light, like that from a highly polished mirror; the refraction of 
this light by the erystal-likc lens gives rise to the well known, emerald 
and violet colors first seen and described by Poli. By removal of the 
lens, these colors disappear and we have instead the silvery light of the 
argentea and the colorless light from the lens. The iridescence produ¬ 
ced by the lens, or argentea, depends greatly upon the condition of the 
animal, and the position of the eye as regards the light. The emerald 
and violet reflections are often entirely absent. The isolated argentea 
appears, by reflected light, like plates of polished silver. The trans¬ 
mitted light is differently refracted in various parts, producing red, 
orange, yellow, blue and purple lights. The optical properties of the 
argentea are not easily understood, but it appears that in general, while 
acting as a perfect reflector for incident rays passing through the lens, 
it offers no great impediment to the entrance of light into the retina, after 
passing through the colorless eye-stalk and red tapetum. 

Although the septum, sclerotica and tapetum stain deeply in liae- 

Alittheilungen a. d. Zoolog. Station zu Neapel. Bd. VI. 40 



594 


William Patten 


matoxylin, the argentea never, to my knowledge, absorbs coloring 
matter. Krohn first described the argentea of Pecten , and ascribed to 
it the luminous appearance of these eyes. Will appeared to confound 
it with the tapetum. Hensen seems to have seen the minute, square 
plates of the membranes, for be mentions the »Stabehenformige Mole¬ 
cule^ which he is inclined to regard as cells. Hickson saw the play 
of color produced by the argentea, whieh he considered gave the eyes 
their »beantiful metallic lustre**. The argentea is formed according to 
him »of a great number of fine fibrils crossing at right an¬ 
gle s«. Carriers states that. »Das Tapetum lueidum besteht aus feinen 
Fasern. welehe alle in derselben Kiehtung verlaufen, und zwar, gleicli 
den Seitennerven innerhalb des Auges, quer (senkreeht) zu der Ober- 
flaehe des Mantels**. 

The tapetum, the red pigment layer of previous writers, usually 
consists of a single layer of cells, decreasing in thickness from the axial 
part of the eye toward the periphery, and terminating, with the argentea, 
at the entrance of the fibres from the axial branch of the optic nerve 
into the retina. The cells are large, many-sided bodies filled with 
coarse, red pigment granules, in the midst of which is a round, or oval, 
vesicle-like nucleus containing, in a clear fluid, two or three deeply 
stained and irregularly shaped granules, or nucleoli. The red color is 
preserved excellently well in hot sublimate, while it is dissolved or 
destroyed in alcohol, or in combinations of pierie or chromic aeid. 

The tapetum forms one of the most conspicuous objects in the eye, 
and, for that reason, has long been known. It was first described by 
Ivrohn, but Hensen was the first to discover its cellular nature. Hick¬ 
son was subsequently unable to confirm Hensen’s observations, and came 
to the conclusion that »the pigment contains no cellular ele¬ 
ments at all«! Carriers has correctly described and figured the tape¬ 
tum, which he erroneously considers to be a continuation of the nu¬ 
cleated septum. It must be considered, however, as continuous with 
the retina, and homologous with the outer ganglionic cells, as we shall 
explain more fully in treating the development of the eye; (see diagram, 
PI. 32, figs. 151—152). A circumstance, whieh I cannot regard as acciden¬ 
tal, is that, in the eyes of all the species of Pecten examined, the tapetum 
is not surrounded by pigment, but is exposed to the light from below. 
The iris always extends as far inwards as the outer edge of the tapetum, 
and there abruptly terminates. On the shell side, the iris, as has already 
been described, extends much further towards the mantle, and forms a 
narrow, pigmented band on that side of the stalk. We have failed to 
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form any conclusion, as to what this apparently intentional exposure of 
the red pigment to the light, signifies. 

The optic vesicle, with its eight layers, is contained in the oinma¬ 
te al sac. The anterior wall, the septum of Kuohn, forms a stout and 
elastic cushion or spring, upon which the lens rests. The septum is 
formed of a double membrane; the thickened and structureless central 
part of the outer layer, a little to one side of the optic axis, is perforated 
by the ganglionic nerve branch (fig. 19); the peripheral part of the sep¬ 
tum, gradually diminishing in thickness toward the edge of theomma- 
teal sac, consists of numerous connective tissue cells modified into 
circular fibres. The nuclei of the cells are extremely difficult to find in 
the adult condition, on account of their minute size, and flattened shape. 
They are most easily seen in surface preparations of the membrane, 
which may be isolated without special difficulty. In young eyes, the 
nuclei of the septal membrane maybe easily seen (fig. 10). The sheath 
of the ganglionic branch — according to Hensen — fuses with the septal 
membrane; but my own observations indicate that it terminates when 
the nerve leaves the connective tissue and enters the blood spaces sur¬ 
rounding the lens. The inner membrane of the septum is uniformly 
thin and structureless. The ganglionic w branch forms a disc-like expan¬ 
sion upon its outer surface, over which the nerve fibres radiate in all 
directions. Toward the periphery, the nerve disc is so thin that the two 
membranes become closely united, and finally fuse with each other. 

One may easily isolate this inner membrane, together with the disc¬ 
like end of the ganglionic nerve. It may then be seen that the outer 
surface of the membrane is smooth, but that the inner one is covered 
with the ends of the nerves which have penetrated the membrane. 
Carriere has attempted to show that the tapetum is continuous with the 
septum, to which he ascribes a cellular nature. The real nuclei of the 
septum, he did not see, for it is evident, from his figure 80, that what he 
considers to be the septum is composed of the septal membrane together 
with the single layer of cells formed by the continuation toward the 
periphery of the outer ganglionic layer! 

The sclerotica, or inner wall of the ommatcal sac, consists of 
a tough, hyaline, connective tissue membrane, thickest in the median 
parts opposite the pupil, whence it is continued, gradually decreasing 
in thickness, to the periphery of the retina, there becoming continuous 
with the septal membrane. The sclerotica has always been des¬ 
cribed as a single layer. According to my own observations it is formed 
of two layers, the inner of which is marked with short parallel cross 
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lines; the thick, outer one consists of faint longitudinal fibres, the super¬ 
ficial ones of which may contain a few nuclei (PL 30, fig. 39 . It has 
only been in three or four instances that the cross markings have been 
observed, but they were then seen so distinctly that there can be no 
doubt that such a structure was present. These lines produce the effect 
of plates of alternating density, rather than of fibres. This structure of 
the sclerotica seems to be best preserved by treatment with chromic acid, 

1 5 % f° r 24 hours. The sections must be examined in water, or some 
other medium with a low refractive index. The sclerotica has been con¬ 
sidered to be continuous with the pseudo-cornea, by means of the con¬ 
nective tissue layer beneath the iris. The two latter structures are, 
however, merely continuations of the contractile tissue of the stalk into 
the anterior pole of the eye, while the sclerotica is directly continued 
into the septal membrane. 

The optic nerve arises from the circumpallial nerve, and, after 
extending through the centre of the stalk, divides into two, nearly equal 
branches, of which the basal one abuts against the sclerotica, a short 
distance on the shell side of the optic axis, and then, losing its sheath, 
divides into many bundles of free nerve fibres, which, clinging closely 
to the sclerotica, ascend radiatingly towards the periphery of the retina, 
where they penetrate, in quite distinct groups, the ommateal membrane, 
and become continuous with the attenuated ends of the retinophorae, 
through the centre of which they are extended as axial nerve fibres. 
The basal, or axial branch of the optic nerve, therefore, consists 
entirely of the axial nerve fibres of the retinophorae. The division of 
the optic nerve takes place in a plane at right angles to that of the 
mantle. The lateral, or ganglionic branch, produced by this division, 
ascends toward the shell side of the retina, over which it is bent at 
nearly right angles, and is continued over the surface of the septum, 
the thick outer layer of which it penetrates just below the inner surface 
of the lens. After passing both layers of the septum, in the manner 
already described, its fibres either unite with the ganglionic layers, or 
pass between their cells to the surface of the rods. In the fibrous layer, 
two kinds of fibres may be distinguished, the most numerous are ex¬ 
tremely fine, and arise from the outer ends of the oblong ganglionic 
cells: the larger and less numerous ones are the single prolongations 
of the more deeply situated ganglionie cells of the outer layer. Even 
in the disc-like expansion of the ganglionic nerve branch, one may see 
both kinds of fibres, and follow them a short distance into the more 
compact part of the nerve. That the sheath of the ganglionic branch is 
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lost, before entering the blood spaces surrounding the lens, is shown by 
the fact that, as it bends inwards, it gives off numerous radiating fibres 
from its outer surface, which enter the periphery of the retina, 
without passing through the thickened central part of the septum. They 
are the fibres which surround the narrow outer ends of the retinophorae, 
and of which we have already spoken. 

The optic nerve and the proximal parts of its two branches are 
surrounded by a delicate sheath, beneath which is a cortical, nucleated 
layer surrounding the central fibrous axis. The connective tissue of the 
stalk contains several large blood sinuses. Tlie numerous radiating 
arms of the connective tissue cells, at the periphery of the stalk, become 
more regularly arranged, and constitute a system of circular and longi¬ 
tudinal mnseular fibres. The latter, on the branchial and shell side of 
the stalk, form two, quite well defined groups of large, striated 
muscular fibres. Toward the base of the eye, are large, scattered, gang¬ 
lionic cells, drawn out into several fibres, and filled with granular pro¬ 
toplasm (PI. 29, fig. 19). 

Besides the tissues already mentioned, there are numerous long and 
refractive fibres, which arise from the mass of fibres at the periphery 
of the stalk, and, converging toward the base of the eye, penetrate the 
sclerotica and the superimposed layers, as far as the inner ends of the 
rods. In the stalk they are easily seen as single, seldom branched, wavy 
fibres, which, in the sclerotica, expand into refractive, spindle-shaped 
bodies,— often of a very faint pink color,— and are then continued still 
further inward, either as single fibres, or divided into several branches. 
These remarkable fibres, concerning whose origin and formation no 
very satisfactory explanation can be given, — see PI. 32, figs. 151 and 
152 — are as difficult to preserve, especially the ends with the spindle- 
shaped swellings, as the two layers of the sclerotica, and, like them, 
their preservation depends upon conditions, which I was neither able 
to understand nor control. In successful preparations, the number of 
the spindles seems to vary considerably; in one instance, in which 
they were preserved with remarkable clearness, I could only count 
three or four in each section: in other cases, as many as fifty or sixty 
could be seen. 

Development of the Eyes of Pecten. 

The following observations concerning the development of the eyes 
of Pecten were made upon young specimens, from 1—3 mm. long, of 
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Pecten opercular is. Other species, as P. pusio, P. u arias, P. flexuosus 7 
P. inflexus and P. testae , were also studied, but, in all except P. pusio , 
the differences were unappreciable. 

The following description, with the exception of one or two remarks 
concerning P. pusio , refers entirely to P opercularis. 

The mantle edge of young Pectenshas the three characteristic folds 
well developed. In the adult, these folds are enlarged and complicated 
by the presence of secondary ones, and several rows of tentacles. The 
walls of both the ophthalmic and shell folds are specially thickened, 
and ciliated on the shell side. The former, in P. opercularis , is short 
and thick, its free extremity being divided into two tliick-walled and 
ciliated lobes; in P. pusio it is unequally forked, the outer division 
being much longer and thicker than the inner. 

The pigment in the youngest specimens, 1 mm long, is entirely con¬ 
fined to the eye spots. In larger ones of 2 mm, the velum is covered 
with light yellow or red blotches, in which are many large, scattered 
ommatidia, usually single, but often united into pairs. They form ir¬ 
regular black spots, consisting of several darkly pigmented cells sur¬ 
rounding a central colorless one. These isolated ommatidia are larger 
and more conspicuous than any I have ever seen. In the adult, they are 
less prominent and may disappear entirely. Between the base of the 
ophthalmic fold and the velum is a narrow pigmented band, extending 
the whole length of the mantle, and, at places, deepened into longitu¬ 
dinal grooves, from the bottom of which are often developed the hypo¬ 
dermic thickenings, which constitute the rudiments of the eye. The thin 
branchial wall of the ophthalmic fold, usually colorless, with here and 
there a minute, yet black pigmented pit (fig. 2 y) 7 is seldom provided with 
cilia, which are principally confined to the two thickened, terminal lobes 
and the opposite face of the fold. The pigmented pits consist of minute, 
deeply pigmented cups, sharply circumscribed, and not to be confounded 
with simple, irregularly shaped pigment spots upon the level surface of 
the ophthalmic fold. NQt more than three or four cells, completely filled 
with black pigment, take part in the formation of these pits, which, in 
their position and general appearance, recall the invaginated eyes of 
Area . The colorless cells, so universally present in the latter, could not 
be detected; but in spite of their absence (probably due to having es¬ 
caped notice on account of their minute size and the difficulties of ob¬ 
servation), I consider that these transitory pigmented cups 
are homologous with the invaginated eyes of Area . 

In cross sections of the very youngest specimens (1 mm long), may 
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be seen, at the base of the ophthalmic fold, between it and the velum, 
a few large cells constituting small oval thickenings, the rudiments of a 
future eye (fig. IS) 1 . 

The cells of the thickening are large and columnar, striated at the 
outer extremities, while at the inner end they arc clearer and bounded 
by faint lines. Instead of terminating in a sharply defined boundary, the 
protoplasm is often drawn out into many amoeboid-like arms, in the 
larger of which are nuclei. The boundaries between the cells are very 
faint and often invisible. The cilia, which arc usually confined to the 
apical lobes (fig. 2), in this case extend over the optic thickening 
(fig. IS). On the outer edge of the rudimentary eye (that is away 
from the hinge), the nuclei are smaller and show a tendency to form a 
double row. In the next stage (fig. 14), an increased development is indi¬ 
cated by the greater number of nuclei on the outer side of the thickening, 
and their tendency to form several rows. They are likewise smaller than 
those forming a single layer on the opposite side. In this example also, 
the cilia have extended over the optic thickening, but they are fewer 
and smaller and appear to be degenerating. Both figs. 14 and IS are 
sections of larvae, 1 mm long, in which no pigment was developed. 
In these young specimens, the absence of anything like a basal 
membrane, and the manner in which the inner ends of the cells are 
drawn out into naked, protoplasmic, amoeboid arms, some of which 
contain nuclei, is worthy of notice. 

By continued proliferation of the cells on the outer side of the 
optic thickening, an oval, knob-like papilla is formed, the long diameter 
of which is parallel with the optic tract (fig. 11). 

The optic tract is now pigmented, as well as the base of the pa¬ 
pillae at whose summit (fig. 11) the pigment is absent. The wall of the 
thickening becomes better defined and consists of a single row of regu¬ 
larly arranged nuclei, except on the outer side where the proliferation 
to form the hypodermic core continues, thus, at that point, prevent¬ 
ing the formation of any sharp line of demarkation between the super¬ 
ficial hypodermis and the underlying cells. The difference in the 
manner of division between the cells of the upper and lower side of the 
optic papilla gives rise to a change in form and direction of growth. 
At the point Iiaj. fig. 11, the plane of division is parallel to a tangent 
at the surface, and therefore the cells grow inwards to form the core. 


1 For the sake of convenience in the following description, we shall speak of 
the pigmented band, from which all the eyes originate, as the »optie tract«. 
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On the inner side, the plane of division is at right angles to the tangent, 
and consequently the hypodermis at that point increases in extent, but 
remains single layered. This causes an elongation, and flattening of the 
papilla, the proliferating point, Jnj, assuming a position more and more 
on the outer side. At first the hypodermic core is not at all sharply de¬ 
fined; several of the more deeply situated cells (figs. 11, 12 and 10) 
separate from the rest and mingle with the numerous connective tissue 
cells, from which they finally become indistinguishable. They are the 
ganglionic cells, which later provide the eye with nerve 
fibres. The division of the cells, on the outer side of the papilla, soon 
ceases, and the solid core of deeply stained nuclei becomes surrounded 
by a well defined, single layer of hypodermis, containing dark, homo¬ 
geneously stained nuclei (figs. 12 and 16), Several connective tissue cells 
have grown, by rapid divison, between the hypodermis and the core, 
around which they form a single layered capsule of cells loosely con¬ 
nected by means of protoplasmic outgrowths. The nuclei are distin¬ 
guished from those of the hypodermis by containing a clear, faintly 
stainable fluid, in which are several minute and intensely stained 
bodies, often collected into a flattened plate in the centre of the nucleus. 
Up to a late period in the development, these characteristics serve to 
distinguish the connective tissue cells from those of the hypodermis. At 
the base of the core are several large ganglionic cells, one of which is 
represented in fig. 12. After the core lias been entirely separated from 
the hypodermis amVenclosed within the connective tissue capsule, the 
whole papilla becomes elongated and somewhat flattened, while a disc¬ 
shaped cavity appears in the centre of the core, transforming it into 
the optic vesicle, the equally thick anterior and posterior walls of 
which, at first, consist of a single layer of cells. An inequality in the 
two walls soon appears, in that the nuclei of the outer, retain their radial 
arrangement, while those of the inner become tangentially disposed, at 
the same time forming a double layer of lighter colored nuclei (fig. 4). 
The outer layer of the optic vesicle develops into the retina, while the 
two inner ones give rise to the argentea, ctg : and tapetum, ta. 

The cavity of the vesicle, which becomes more and more flattened, 
in the earlier stages appears to be filled with a clear fluid, through which 
delicate, protoplasmic filaments pass from the inner to the outer wall. 

In the following stages, the posterior wall becomes more sharply 
defined , and here, for the first time, the cells of the optic vesicle are 
provided with distinct cell walls (fig. 5). The outer row of cells, ag l 
and ag 2 . becomes filled with refractive, yellowish green granules, some 
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of which soon lose their color, and, at the outer Surface of the cells, as¬ 
sume a regular arrangement in layers. With their loss of color and further 
development, the granules become more refractive and flattened; until 
they finally unite to form the membranes of square plates, so charac¬ 
teristic of theargentea in the adult. By the overlapping of the cells (fig. 5), 
the argentea is soon converted into a distinct double layer, of which the 
outer cells become most quickly transformed into the reflecting mem¬ 
brane. while the inner retain for a long time their nucleated, proto¬ 
plasmic structure. 

The retinal layer (fig, 5, r) increases in thickness, and its large, 
deeply stained, oval nuclei, containing numerous dark granules, become 
two or three layers deep: at the same time a slight indentation on the 
outer surface indicates the beginning of the saucer-shaped depression 
of the retina which, in the adult, is lined with the outer ganglionic cells. 
An extremely delicate structureless membrane forms the boundary of 
this depression and furnishes the first trace of the septum (fig. 5, s). 
Just above the latter, the nuclei of four connective tissue cells are col¬ 
lected. being the first step toward the formation of the lens. The further 
development of the retina is accomplished by an increase in the depth 
of the central depression, below whieh the outer ganglionic layer 
becomes established by the arrangement of the nuclei in a single layer, 
and the appearance of the cell walls. The nuclei, on the thickened 
periphery of the retinal layer, are still characterised by being more 
deeply stained, and arranged three or four deep. As these changes 
become more and more marked, the retina divides into three zones, 
consisting of the fibrous (fig. 17 y ), the ganglionic (r), and the retinophorie 
layer (: n.rf .). The fibrous layer is first seen beneath the septum, as a clear 
area, whieh gradually increases in width, until it has reached the con¬ 
dition represented in fig. 17. The ganglionic cells, whieh in the earlier 
stages we have seen separated from the hypodermic core, can no longer 
be distinguished; but, from the tissue of the ophthalmic fold arise nume¬ 
rous. varicose, nerve fibres which, reaching the eye, penetrate the wall 
of the optic vesicle, where they divide into numerous branches. These 
nerve fibres are the remnants of the outer ends of ganglionic cells, 
which — after the withdrawal of their nuclei and cell bodies from the eye 
into the underlying tissue — still remain united with the retina by a long- 
nerve fibre, the end of whieh indicates, approximately, the original posi¬ 
tion of the ganglionic cells (figs. 4 and 5 «./.). With the development 
of the retina these fibres increase in number and assume a more parallel 
arrangement. Whereas at first the fibres seemed to terminate indefin- 
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itely in the retinal layer, they now appear to end abruptly in the drawn- 
out ends of the ganglionic cells. Besides the nerves, the fibrous layer 
also contains numerous, minute and deeply stained particles, which, in 
the later stages, disappear entirely (fig. 17 w./.). The middle, or 
ganglionic layer is formed of a single row of large, round nuclei, whose 
cells are filled with coarse, granular protoplasm. The periphery of the 
retina is filled with several rows of nuclei, imbedded in a clear proto¬ 
plasm, a part of which gradually grows toward the centre of the eye, 
and forms a clear, narrow band beneath the ganglionic layer (fig. 17). 

The lens has increased somewhat in size (compare figs. 5 and 17) 
and begins to show traces of its future shape; at its periphery, it still 
passes insensibly into the thin layer of connective tissue cells, surround¬ 
ing the optie vesicle. 

The epithelium of the eye consists of a thin layer of cells, the 
nuclei of which are widely separated. The greenish yellow pigment 
granules, which at first were only present around the base of the eye, 
have eneroaehed upon the anterior pole, around which they form a deeply 
pigmented and nearly complete ring, the iris. The anterior pole re¬ 
mains eolorless and forms the cornea. The iris is best developed upon 
the branchial side of the eye; on the opposite side only traces of pig¬ 
ment are to be found. 

The tapetum forms a single layer, filled with red pigment, be¬ 
fore the pigment of the iris has appeared. The cells first become 
filled with coarse, eolorless and refractive granules, which 
soon acquire the characteristic red color of the tapetum. 

The nuclei of the retinophorae, which at first form a thickened 
ring around the retina, gradually grow inwards towards the eentre of 
the eye. It is not till quite late in the development, after the appearance 
of the rods, that the eell walls, containing the nuclei, become visible. 

To determine the exaet manner in which the rods develope, is an 
extremely difficult problem. Although my seetions of that stage were 
most numerous and perfect, I was unable to come to any satisfactory 
conclusion as regards their origin. The clear space, represented in 
fig. 17, y, increased in thickness up to a certain point and then the faint 
outlines of the rods, together with the pseudo-membrane, suddenly 
appeared, only a little less distinctly than those of fig. 10. The only 
difference, between the rods when first seen and those of the adult, was 
in the large size of the axial eore of the former, and the extremely 
thin shell, or sheath, scarcely visible except at the tips of the rods. 


Eyes of Molluscs and Arthropods. 


603 


As soon as the latter could he clearly distinguished, they were seen to 
contain an axial nerve fibre. 

The changes, by which an eye as complete as that represented in 
fig. 17 is transformed into the adult condition, are of no great morpho¬ 
logical value, and are easily comprehensible without the use of figures. 
The lens increases in size, while between it and the cornea, the pseudo¬ 
cornea is formed by an ingrowth of connective tissue. The increasing 
convexity of the lens causes a space to be formed between it and the 
retina. The nucleated septal membrane is produced by the flattening 
and elongation of the connective tissue cells beneath the lens. The 
fibrous layer becomes more sharply defined, while the small deeply 
stained bodies (fig. 17 y) disappear. 

The ganglionic cells increase in number, fig. 10, and form a double 
layer, from the periphery of which several small cells subsequently 
become separated and attach themselves to the ingrowing retinophorae 
(fig. 10, d. c. <?.). In this manner, the two layers of ganglionic cells be¬ 
come definitely established. 

The argentea undergoes no great change after the condition 
represented in fig. 17. The nuclei simply decrease in size until they 
finally disappear, with the exception of those of the inner layer where, 
in the adult condition, one or two aborted nuclei may rarely be ob¬ 
served. 

With the appearance of the rods, a fourth layer, the vitreous 
network, is produced, either by a secretion, or transformation of the 
outer argentea. The vitreous network, in contrast with its subsequent 
condition, forms a thick homogeneous and structureless layer (fig. 10, i). 
The innumerable, isolated fibres, which even in the earlier stages 
innervated the eye (fig. 4 and 5), subsequently unite to form a single, 
loose bundle of nerve fibres, the primitive optic nerve, which 
later divides into the more sharply circumscribed, axial branches of the 
definite optic nerve. All the nerve fibres supplying the optic vesicle 
are not collected to form the optic nerve, for many (fig. 10, x) 1 terminat¬ 
ing in the base of the vesicle, retain their primitive arrangement and 
appear to penetrate the sclerotica, tapetum and argentea, as far as the 
rods. Most of these fibres, in’the opposite direction, are turned toward the 
shell side of the stalk, where they become loosely united with each other 
and connected with the ganglionic swelling of the circumpallial nerve 
from which the optic nerve originates (fig. 10, cp.n .). Even in the fully 
grown animals, these nerves, already described, maybe seen as rather 
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large, refractive, wavy fibres, which appear to have lost (?) their ner¬ 
vous function. 

The circumpallial nerve contains as many ganglionic swellings 
as there are optic nerves. In many, if not all, of these ganglia, there 
is a peculiar infolding dividing them into halves (fig. 10, cp. ??.). 

The free edge of the ophthalmic fold contains at regular intervals, 
large ova-like cells, which may be seen in preparations of the whole 
mantle edge, as well as in section (figs. 2 and 7). I am unable to offer 
any suggestion as to their signification. 

In the neighborhood of the hinge, the branchial wall of the mantle 
of younger specimens is thrown into a variety of thick ciliated folds, the 
nuclei of which are, in most cases, several rows deep (figs. 1 and 9). 
The outer of these folds is occasionally thinner and more protuberant 
than the others. It is likewise characterized by its innumerable cilia, so 
closely packed and equal in length that they appear more like a striated 
protoplasmic layer, than cilia; they also form little tufts or groups over 
each flattened cell (fig. 1). In some cases, one of the folds becomes 
especially enlarged at its extremity , the walls thickening to form a 
kidney-shaped body with a great many small, deeply stained nuclei 
(fig. 15). The surface is covered with a cuticula provided with minute 
papillae, from each one of which originates an enormously long cilium 
continued through the cuticula into the elear cortical layer (fig. 15, a.y . 
Toward the hinge, the ophthalmic fold may undergo a similar ehange, 
in that both its walls become greatly thickened and filled with several 
rows of small nuclei (fig. 13); in this instance, however, the cilia are 
absent. The tentacles are usually developed between the eye and the 
velum, but towards the later stages, it often happens that they may ori¬ 
ginate at the base of the ophthalmic fold, between it and the eye (fig. 7). 

While in Trieste, I partially prepared a paper upon the sense 
hair papillae of Mollusca. the publication of which was delayed with 
the hope of finishing certain observations, not as complete as I de¬ 
sired. While studying the development of the eyes of Pecten , my atten¬ 
tion was attracted by certain facts, concerning the origin of the tenta¬ 
cular nerves and the sense papillae, which promised to throw light 
upon the origin of the optic nerves. It was also necessary, for other 
reasons, that a comparison should be made between the development 
of the eyes, and that of the tentacles, in order to determine the relation 
between the two structures, and to see whether, as has been suggested, 
the eyes are modified tentacles or not. 

The following remarks, concerning the origin of the sense papillae, 
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do not properly belong here, and therefore only enough will be said to 
serve for comparison between the development of these fibres and those 
of the eye. A more detailed account of the sense hair papillae and 
their origin will be reserved for a future paper. 

The sense hair papillae may originate at any place along the outer 
surface of the velum, or along the optic tract. They appear, at first, as 
thickenings of the hypodermis — similar to those of the eyes — which 
soon become conical, with a tuft of stiff sense hairs at the apex (fig. 6). 
The inward proliferation of the cells, at that point, gives 
rise to an ectodermic core, which becomes transformed into 
a longitudinal nerve with which every tentacle is pro¬ 
vided. As the papillae increase in length, tufts of sense hairs are 
formed on the sides, each connected with one or two ganglionic cells 
(fig. 6). In those papillae, on the surface of the velum (fig. 8),which do 
not develop into tentacles, no nerve is formed; but two or three cells are 
separated from the summit of the papilla, and wander into the under¬ 
lying tissue, there forming ganglionic cells, the nerve-like ends of which 
may terminate in a small number of sense hairs; or, if the cells are 
more highly specialized, the sense hairs may be absent, and the terminal 
fibres divided into numerous fibrillae, which supply the adjacent cells. 

Many of the papillae are deeply pigmented; others on the contrary 
may be entirely colorless. 


Ostrea. 

I have not been able to find, in this genus, the eyes referred to by 
Will and others, and, since more recent authors have been equally 
unsuccessful, we must, I think, believe that he was either mistaken, or 
examined some other species. 

Besides the pigment scattered irregularly over the surface, I have 
observed, beneath the epidermis, a great many pigment balls (from .01 
to .005 mm in diameter) smaller than, but similar to, those of Cardium . 
The tentacles are nearly pigmentless and ciliated. The hypodermis at 
the extremities, is thickened and supports a number of sense hairs; 
this is also the ease with Mactra . In the pigmented areas, the same 
colorless cells, as in Area, are seen surrounded by pigmented ones, and 
undoubtedly represent scattered ommatidia. 

I can confirm the statement of Sharp, that Ostrea is sensitive to 
changes in the intensity of light. He has sectioned the pigmented areas 
and finds two kinds of cells, pigmented and colorless ones, which he 



606 


William Patten 


compares to those found byFRAissE in Patella , and believes, with him, 
that the latter secrete the cuticula, while the former are those sensitive 
to light. 


Mactra. 


The extremity of the sipho of Mactra stultorum is provided with a 
number of oval pigmented areas, varying in color from madder brown 
to dark purple, or even jet black; some, usually the darkest ones, are 
placed at the base of the tentacle, others, similar in shape, but lighter 
colored, are to be found on the free edge of the sipho. In the latter 
case, the pigment cells are arranged in small groups, in the centre of 
which is a clear, refractive spot. At the base of the tentacles, the cells 
are too deeply colored to admit of such a clear view. In the latter in¬ 
stance, it appears as though the pigment was deposited beneath the 
surface, but, unfortunately, the superficial examination that I gave 
them will not allow me to make any positive statement; I, however, 
believe that the clusters of pigmented cells, in the centre of which were 
the clear refractive points, are the same structures we have seen in 
Area , that is ommatidia, composed of pigmented cover cells sur¬ 
rounding a central colorless one. 

In Mactra hehetica , the pigmented areas are less numerous but 
apparently more highly specialized. 

Sharp has examined Mactra solidissima and found the same sensi¬ 
tiveness to light and shadow, as in other genera with which he has ex¬ 
perimented. I have tested Mactra stultorum and Mactra helvetica , in 
the same manner, and found that they also have this sensitiveness 
to a marked degree. His statement that the pigment cells tend to form 
shallow grooves at the base of the tentacles, I am neither able to 
confirm nor refute.] having never studied them by means of sections, as 
he has done. 


Pinna. 

The bodies on the mantle of Pinna , first described by Will as eyes, 
have in more recent times been supposed to possess some other function 
than that of vision. That they have the general shape and appearance 
described by Will, can easily be seen on superficial examination. The 
slit-like fold , which he considers to form a kind of iris, is caused by 
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muscular contraction of the mantle, and may, or may not he present. 
Cakriere, after an examination by moans of sections, concludes that 
the organs in question are not eyes, but peculiar glands. 

Toward the expiration of the time at my disposal for the pre¬ 
paration of this paper, I was enabled to examine hastily some mace¬ 
rated preparations, and found the eyes (?) composed of an immense 
number of conical colls, expanded at the outer extremity and drawn 
out to a point at the inner; they were filled with a mass of refractive, 
closely packed, globules, — which, indeed, gave them the appearance 
of gland cells. — and were surrounded by narrow, ciliated cells, occa¬ 
sionally faintly colored at their expanded outer ends. Upon the external 
surface, the large cells were often provided with several, longitudinal 
fibres, which appeared like the nerve fibres seen in the retinophorae of 
Area , but I could not decide whether they really were so or not. These 
organs present several peculiarities which render a more accurate study 
of them highly desirable. Their position on the edge of the mantle, 
and their hemispherical shape, show, at first sight, considerable resem¬ 
blance to the faceted eyes of Area , to whose retinophorae and cover 
cells, the large colorless cells, drawn out to a point at their inner ends 
and surrounded by smaller ciliated ones, might be compared. The ab¬ 
sence of pigment does not offer any serious difficulty, and, if it could 
be shown that the innervation and composition of the large cells was 
the same as in the retinophorae of the faceted eye of Area , we should 
be obliged to consider these problematical organs of Pinna as eyes, 
rather than glands. It seems, however, that in the absence of such 
observations, the question must for the present be left open. That 
Pinna has some organs of vision, is shown by the same simple experi¬ 
ments as have been tried upon other Mollusca; but whether the seat of 
this sensitiveness to light lies in the so-called eyes of Will, or in the 
masses of dark pigment so abundant upon the edge of the mantle, is 
of course difficult to decide. 


Avicula. 

Avieula was examined very hastily, just before sending the proof 
sheets to the printer. It is extraordinarily sensitive to changes in the 
amount of light, the least shadow causing it to close the shell quickly, 
and with such force as to indicate that even this slight change acts 
as a considerable irritant. The simple, diffuse ommatidia, the only 
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visual organs present, are sensitive to the difference in light pro¬ 
duced by holding such a small object as a pencil between them and the 
window. Even a shadow, so faint as to be imperceptible to the ex- 
perimentor, caused the immediate contraction of the mantle. The ex¬ 
periment is so simple, and the result so evident, that there is no 
possibility of a mistake in observation. This special ease was of unusual 
interest to me, for here the simplest kind of eye known is accompanied 
by a sensitiveness to light and shade, not exceeded even in Area, so 
lavishly supplied with much more perfect visual organs. We are here 
led to suspect the presence of some other factor which must, when 
known, account for the apparent agreement in functional powers be¬ 
tween two organs so widely different in structure. Let us suppose a 
number of animals with equally perfect eyes, having the same struc¬ 
tural perfection and functional powers, then, every thing else being 
equal, the same irritant would produce the same effect upon them all. 
But let us suppose that, after generations of existence under varying 
circumstances, the eyes remained stationary; then it would be 
found that the same cause would no longer produce the same effect. 
We may suppose that the results would be varied by the following 
factors. 

1 . By an inherited association of a sudden change in the amount 
of light with some danger, to escape which the animal must close its 
shell. Such an instinct would easily be acquired by Molluscs preyed 
upon by other animals, as c. g*. Paguridae that are very expert in ex¬ 
tracting animals from the shell by means of their peculiar shaped claws. 
Danger, in the shape of an approaching crab, would, like all other 
coming events, cast its shadow before, and the watchful Mollusc, that 
was fortunate enough to close its shell in time, would have the chance 
of transmitting to its descendants a tendency to be extremely sensitive 
to any slight change in the amount of light. 

2 . The results will be alike in both the following cases; (a) if 
there has been no such association between a difference in light and 
some impending danger; or (b) if by frequent repetition, the animal 
has become accustomed to the changes in the amount of light. In 
either case an ordinary shadow would not cause muscular con¬ 
tractions. 

3. It is supposable that the same image will produce |the same 
effect in two equivalent visual organs, but the effect may be trans¬ 
mitted to a nerve centre with different degrees of intensity, so that 
entirely different perceptions will be the result. 
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These suppositions, which have been merely outlined, so run into 
each other that they allow the interpolation of subdivisions, and a much 
more extended treatment; this will, however, suffice for my purpose, 
for it enables me to arrive at an important conclusion of practical value: 
if, for certain reasons, the same combination of light vibrations, acting 
upon the same visual elements, produces different perceptions, or 
different intensity of reflex actions, then it becomes actually impossible 
to determine the relative functional powers of two eyes, by the differ¬ 
ence in effect produced by the same image, or by the same combination 
of light vibrations; and, conversely, neither can one determine what 
effect will be produced by the perception, through equivalent eyes, of 
the same image. There are plenty of cases to illustrate both sides of 
this proposition; therefore when a person attempts to judge of the per¬ 
fection of an eye by experiments alone, his deductions are liable to be 
wrong, or at least to contain an abundance of uncertain elements. 

The necessity of keeping these facts in mind is only too evident in 
the present instance. By experiment alone, we would be led to suppose 
that Avicula had eyes at least as complicated as those of Area; but 
we are surprised to find that there are only a few scattered ommatidia, 
which would entirely escape the notice of one who had not seen them 
better developed elsewhere. But if we are led into such false concep¬ 
tions by experimenting upon organs, which, the first glance tells us, are 
widely different in structure, how can we determine, by experiment 
alone, the relative perfection of organs which are nearly alike in histo¬ 
logical structure? 


Cardium. 

The rather massive siplio of C. echile is beset with a double row 
of tentacles, which, in the expanded condition, form a radiating fringe 
around each of the siphonal openings. On the anterior and posterior 
side, the fringe attains its greatest development, while, between the 
anal and oral openings,it is reduced to a few, small, scattering tentacles; 
those on the anterior side of the oral opening are the largest of all, 
and one of these, from which the remaining ones differ but slightly, we 
shall select for description. It is extended directly away from the oral 
opening , with the exception of the expanded tip which is bent nearly 
at right angles towards the siplio (PI. 31, fig. 113'. On the side 
awayfromthelatter,isa semi-circular band of brown pigment cells; 
the remainder of the tentacular hypodermis is colorless. 

Mittheilungeii a. d. Zoolog. Station zn Xeapel. Bd. \1. 
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On C . cdule I have counted fifty-one eye-bearing tentacles, — so 
large that one could distinguish the pigmented band with a hand lens, 
— about the oral or anterior opening, and sixty-two, around the anal 
one. At the tips of the tentacle, on the lips of the cup-like hollow, are 
tufts of stiff, sense hairs. Cilia, as far as I could see, were not other¬ 
wise present on the tentacles. 

In the connective tissue of the sipho, beneath the hypodermis, are 
many irregular aggregations of large, round cells filled with dark brown 
pigment. 

The remaining portion of the mantle is pigmentlcss, with the ex¬ 
ception of a narrow band on the shell side of the mantle. 

Most of the tentacles are single, but I have observed several cases 
in which the apex was forked, each end bearing an eye. The hypo¬ 
dermis is thrown into many irregular, circular folds; there are also 
two remarkable, longitudinal ones, extending the whole length of 
the tentacle, one on each side (PL 31, fig. 113 .r). At the end of the 
tentacles, beneath the band of pigment, is an organ containing all the 
elements characteristic of an eye. It consists of a roughly spherical 
mass of large cells, — with sharply defined cell walls and nuclei, — 
when living, containing a faint red coloring matter. The periphery of 
the cells is filled with fine granular protoplasm, which gives them the 
peculiar appearance represented in the drawing (fig. 112). 'When fresh, 
they are transparent and refractive, so that one may see through 
them the silvery light reflected from the argentea. The former, in 
combination with the red light from the large cells, causes a brilliant 
iridescent play of colors similar to that produced by the red pigment 
and argentea of Pecten. The extremely simple retina, — which is ob¬ 
long in shape, the short diameter being at right angles to the pigmented 
covering —, consists of five or six rows of cells, the ends of which are 
directedinwards, and rest upon the mass of connective tissue fibres which 
serve at once as a capsule and tapetum. The opposite extremities, near 
which are situated the large, oval and sharply stained nuclei, appear 
to terminate in single nerve fibres, which pass out of the capsule, on the 
side opposite the pigmented band, and, bending at right angles, extend 
along the axis of the tentacle as isolated fibres. At the angle of each 
of these cells, nearly opposite the large nuclei, is a small and poorly 
defined cell containing a minute, but deeply stained nucleus. It seemed, 
at times, as if I could distinguish an extremely delicate membrane be¬ 
tween the retina and the red cells, but I cannot say with certainty 
whether it was really there or not. 
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The argentea (PI. 31. fig. 112 ag.) is similar to that of Pecten , and 
consists of connective tissue cells, the bodies of which are flattened into 
membranes, composed of minute refractive squares much smaller than 
those of Pecten . In sections, it appears to consist of fibres with minute, 
refractive varicosities, and might easily be mistaken for a layer of 
nerve fibres. The best method to observe this »Plattehen« structure of 
the tapetum is by pressing the ends of the tentacles almost flat under 
a cover glass; one then sees beneath the hypodermis a layer of what 
appears to be fine refractive granules, the true form of which can only 
be distinguished with the highest powers. The cells of the tapetum 
are not so completely metamorphosed as to lose their nuclei; as is the 
case in the adult Pecten , the nuclei are quite numerous, and may readi¬ 
ly be detected as minute, compressed bodies, conspicuous by the in¬ 
tensity with which they are stained in haematoxylin. The argentea en¬ 
velops the whole eye, but is thickest on the sides next the pigment and 
toward the base of the tentacle; on the remaining two sides, it is reduced 
to a thin, hyaline membrane through which the nerve fibres pass to the 
retina. It is thus evident that the light must eome from the summit of 
the tentacle, and indeed from the invagiuated portion away from the 
pigmented side; the ends of the retinal cells are therefore parallel to the 
rays of light, as we should expect. Whether the inner ends of the cells 
are really provided with rods, similar to those of Pecten , for example, 
I cannot say. Perhaps the fact that it was difficult to obtain clear pic¬ 
tures of jnst those parts where the rods should be, may be considered 
as favorable to the supposition that they are true retinopliorae. There 
is a striking resemblance between these retinal elements and those of 
Pecten . and, until evidence shall be produced to the contrary, I propose 
to consider them as homologous, and consequently shall designate the 
large cells (>/.) as retinophorae, and the small ones (g.c.) as ner¬ 
vous cells, homologous with the inner ganglionic ones of Pecten. 
Whether there is a central nerve fibre in the former, or not, I was un¬ 
able to determine; this is a point of considerable importance for, if it 
i« so. we should then have good reason for supposing that the cells in 
question are formed by the fusion of two cells, just as they are in 
so many other cases. The cellular body {l h which we shall speak of as 
a lens, — although it is probable that it combines in itself another 
function besides that of concentrating the light, — is composed of 
large characteristic cells, which, however, are not confined to this 
region alone, but extend thence in a double row, nearly half the length 
of the tentacle; they then break up into irregularly scattered cells. 
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which have not lost, meantime, any of their characteristic color or 
appearance. 

The nuclei of the hypodermis invariably contain nucleoli, with the 
exception possibly of those which are so constricted that it is impossible 
to determine whether nucleoli arc present or not. The nuclei of the 
pigmented band are situated close to the inner ends of the cells and 
are distinguished by absorbing staining fluids more deeply and evenly 
than those of the unpigmented portions. 

It has been known since Will’s time, that the ends of the tentacles 
can be in-, or e-vaginated at pleasure. The former process is accom¬ 
plished by the contraction of longitudinal muscular fibres, the thickened, 
nucleated ends of which form a muscular ring attached to the inner 
surface of the hypodermis at the apex of the tentacle. By the con¬ 
traction of these muscles only that part of the apex away from the eye 
will be invaginated. Even in the most extended natural condition, the 
tip of the tentacles is never convex, but on the contrary, slightly con¬ 
cave, as represented in fig. 112. 

Still further contraction draws the pigmented band over the open¬ 
ing of the eye in such a manner as to prevent the access of light to it. 
Will was the one, who. in this case as in so many others, gave us the 
first description of these structures, and correctly considered them as 
visual organs. His description of their external characters is perfectly 
correct, as far as it goes; to this account nothing has been added up to 
the present day. 

Carriers has also examined these structures and asserts that 
they are not eyes. Although he is careful not to call them luminous 
organs, one can see that he is inclined to lay stress upon the lumino¬ 
sity of some of the cells. He says, for instance, p. 97. »Augen jedoeli 
sind es nicht unddesshalb kann ich an dieser Stelle keine eingehendere 
Besehreibung der leuchtenden Zellen des Epithels und der Tentakel- 
spitze geben. Ich glaubte nun Leuclitorgane vor mil* zu haben. 
SchlieBt man aber das Lieht giinzlich ab, so erlischt der 
Glanz und es findet hier somit keine selbstandige Liehtcntwieklung 
statt.ff 

Sharp has been less successful than Carriers in finding the 
eyes of Cardium\ he declares that none are present in either C . edule , 
C. muncatum , or C. magnum ; this, however, is probably due to the fact 
that he only examined specimens preserved in alcohol, whicli quickly 
dissolves the red pigment ; one may then easily fail to see the lens 


Eyes of Molluscs and Arthropods. 


613 


and retina situated below the epithelium. But they are not so easily 
overlooked in C. edule , where one side of the eye is covered with brown 
pigment, not soluble in alcohol. 

If we start with the supposition that all eyes are modifications of 
hypodermic cells, against which there can be, I think, no very serious 
objection, then it is natural to expect that, the farther the organ has 
become removed from the seat of its origin, the older it is. and the 
more changes it has undergone. But we also find, that those organs, 
which are phylogenetieally the oldest, or which have passed through 
the greatest number of intermediate changes, are either highly de¬ 
veloped, or were so once. In the present instance, the changes 
necessary to evolve such an organ from simple hypodermic eells must 
have been radical and numerous, and it is not easy to imagine any 
plausible method by whieh such a process could have taken place. But, 
in spite of the fact that it is so highly differentiated as regards 
what must have been its original condition, it is still an ex¬ 
tremely simple organ, whose functional power must be of a very low 
order. I consider, therefore, that during the long and complicated series 
of changes necessary for the evolution of such an organ, it at one time 
probably reached a much higher structural, as well as functional con¬ 
dition, and that the present, very simple organ is due to degeneration. 


Cardium tuberculatum. 

In this species, the pigmented band at the summit of the tentacles 
is absent, and the brilliant lustre, so characteristic of C . echile, is al¬ 
most entirely wanting. But, with a careful examination, one easily 
sees two rows of large, ova-like eells, closely packed, and extend¬ 
ing from the tip of the tentaele, where they unite in the median 
spherical mass above the retina, nearly to its base. These cells contain 
diffuse coloring matter which gives them their reddish tinge. The same 
form and general arrangement of the tentacles obtain here as in ( 7 . 
edule. but cilia or sense hairs, I have not been able to deteet. 

The tentacles of G. tuberculatum are very sensitive to the amount 
and intensity of light, while, on the other hand, irritation by contact, 
and shocks or movements of the water caused by a sharp tap upon the 
glass in whieh they are contained, apparently produce no effect upon 
them. This is just the opposite to what is found in Pecten , where the 
tentacles are extremely sensitive to tactile impression, or to coarse 
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vibrations , irritation of one causing immediate contraction of all the 
others, or even of the whole mantle. But, in Pecten , the tentacles 
are richly supplied with sense hair papillae, while this is not the 
case with Cardium , where, however, the sensitiveness to light is highly 
developed; for variations in the intensity of the latter, caused by shad¬ 
ows, produce lively movements of the tentacles, which may result in 
violent contractions of the whole animal. After repeated experiments, 
the irritating effect seems to be diminished, so that, finally, even quite 
deep and sudden shadows may produce only restless or uneasy move¬ 
ments of the tentacles, or perhaps no effect at all. 

Cardita sulcata. 

In fresh specimens, the only material I have examined, may be 
seen the orange-red mantle edge, near the oral end of which are five 
or six large pigment spots, dark brown or nearly black in the centre, 
but fainter near the periphery. In these pigmented areas, over which 
the cuticula is specially thickened, one may see numerous, scattered 
ommatidia, consisting of four or five dark-colored cells arranged 
around a single, central one, two of which are often situated close to¬ 
gether. The latter may be found on the edge of the dark spots, as well 
as in the reddish colored area, surrounded, in the latter instance, by 
pigmented cells of an orange-red color, instead of black. Over the 
pigmented areas, the cuticula was especially thickened, but not faceted. 

No experiment was made to test the sensitiveness of these ani¬ 
mals to light, but I cannot doubt they have this property, since the 
diffuse ommatidia they certainly possess, appear to be as highly 
developed as those of Amcnla , which, in comparison with the com¬ 
plexity of its organs, has this sensibility developed to a truly wonder¬ 
ful degree. 

No statement, that I am aware of, has ever been made concerning 
the eyes of this genus of Molluscs. 

It is not unworthy of remark, that two genera so closely allied as 
Cardium and Cardita should have eyes so different from each other. 

Haliotis. 

It was intended, in studying the eyes of this Mollusc, simply to 
test my observations on Area , concerning the nerve endings in the re- 
tinidia, and the double structure of the retinophorae. 
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Among* tlie many authors, who have described, in more or less 
detail, the eyes of Molluscs, three have given special attention to this 
genus. There is no room for a great difference of opinion as to the 
coarser anatomy of the eye. It is principally concerning the more min¬ 
ute, histological structure that I desire to speak, and to which I have 
given most attention. There is hardly any difference of moment be¬ 
tween the eyes of Haliotis. and the invaginated ones found in Area . 
The former may be considered as pigmented pits in the thickened 
hypodermis, with a specially thick eutienlar covering, the outer and 
inner layers of which have become highly differentiated to form, in the 
first instance, the vitreous body and the lens, and, in the second, 
the richly innervated layer of rods. The so-ealled retinal cells con¬ 
sist of two elements, exactly homologous with the pigmented cover cells 
and the retinopliorae of Area. The pigmented cells are extremely long 
and narrow (figs. GS and G2), their inner third or half being reduced to 
a slender hyaline stalk, or bacillus. The length of the cells varies 
greatly, those opposite the opening of the cup being the longest. The 
nuclei form a gentle swelling in about the middle of the cells, they may, 
however, be situated at different levels, so that it might easily be im¬ 
agined there were two nuclei in each eell. Such, however, is not the 
case, as it may easily be seen that the outer ends of the isolated pig¬ 
ment cells are completely filled with intensely black pigment with which 
they seem to terminate; the clear, central axis of Carriere has no exis¬ 
tence. In special preparations, the cell is seen to be sharply con¬ 
stricted at its outer end into a colorless rod, narrow at the base, and 
continued outwards until it terminates in an expanded end (fig. 62 rh). 
The pigment contained in these cells usually consists of fine, dark 
granules which often fnse to form large, round balls, equal in dia¬ 
meter to the width of the cell. 

The bacilli (figs. 68 and 62 Ic.) terminate at their inner ends in 
several fine fibres, which appear to rest upon a very delicate basal 
membrane. Several of these cells, the exact number I have been unable 
to determine, surround a single, colorless one with a large basal nu¬ 
cleus ; the colorless ones are the so-called »Stutzzellen«, or secrete-cells, 
as some have considered them, but they will here be called the retino- 
phorae, since they are homologous with the similarly named cells in 
the eyes of Area and Pecten ; although, as I have already remarked in 
the introduction, the pigment cells likewise support retinidia, still the 
colorless cells alone perform this function in the more highly develop¬ 
ed forms. Just as in Area and Pecten , the retinopliorae of Haliotis 
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are formed by the fusion of two cells, one nucleus of which re¬ 
tains its original characteristics, and may be readily seen situated at the 
base of the cell. The other nucleus may. in many cases, become so 
degenerate as to entirely escape notice; but still, in carefully stained 
specimens, it at times appears as clearly defined as in ordinary cells, 
although it is usually seen as a homogeneous, faintly stained, oval body 
(figs. 66 and 67 n. rfj 1 ) at the outer end of the cell, in the centre of a 
gentle swelling. Between the two nuclei, the cells are often constricted 
to a narrow neck, or even to a slender fibre; the outer part terminates 
in a narrowed portion filled with fine granules, which stain in haema- 
toxylin. and give to this part a special prominence. 

When seen in cross sections, this granular part projects a short 
distance beyond the ends of the pigment cells (fig. 53 x). In one in¬ 
stance, I found a very beautiful cell, the outer end of which 
terminated in two separate pieces (fig. 66) furnishing a most 
conclusive proof that the retinophora, with its two nuclei, 
was formed by the fusion of two cells. The cell contents consist 
of a clear, protoplasmic mass in which are imbedded many granules of 
various sizes, some of which are so refractive as to appear like pigment 
granules. The distinction between the pigmented cells and the colorless 
ones is not as sharp as in Area , for I found several that I was in doubt 
whether to call pigment cells or retinophorae. The inner ends of the 
latter terminate in a relatively large, varicose nerve fibre, into which 
they are so gradually transformed that it is difficult to tell where the 
cells end and the fibres begin. One may follow the fibre in its course 
through the centre of the cell, passing to one side of the large basal nu¬ 
cleus, until it reaches the apex, where it issues again and passes out¬ 
wards between the double rods of the retinophorae. Other nerve fibres 
follow the wall of the cell to its outer extremity, where they appear to 
terminate. The fibres often hang freely from the cells, so that one sees 
they are provided with numerous extraordinarily fine fibrils (fig. 66) 
exactly similar to those found in Area. But the most conclusive proof 
that nerve endings occur here similar to those in Area , was found by 
treating the rods in such a manner as to d i s s o 1 v e the c u t i c u 1 a r s u b- 
stance of the rods, leaving the mass of nerve fibres per¬ 
fectly free and intact. To do this, the eyes were hardened in 2 % 
bichromate of potash, for 24 hours, and then removed to dilute glycerine, 
1 part to 4 parts of distilled water; a further treatment with strong gly¬ 
cerine followed, after which they were washed in distilled water. Small 
pieces may then be placed in acetate of potash or water, separated with 
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needles, and examined with a high magnifying power. Although I havenot 
always been equally successful, some most brilliant preparations were 
obtained, in which could be seen half a dozen or more nerve fibres extend¬ 
ing along the wall of the cell, over the outer ends of which they projected 
in long festoons, whose length often exceeded that of the cells them¬ 
selves. The principal fibres were quite large and perfectly distinct, 
with very few side branches; but towards the extremity, they broke up 
into many smaller branches, which continued to subdivide more and 
more rapidly, until they at last ended in myriads of the finest fibrils, 
not terminating freely, but uniting with each other to form a perfect 
network of continuous fibrillae. In some cells, all the fibres, with their 
mass of terminal fibrillae, remained so united as to retain the shape of 
the rod before the eutieular substance was dissolved; in other eases, 
the large branches had become separated from eaeh other, and were 
turned and twisted in all directions; fig. 63 is only one out of hun¬ 
dreds of similar cells, eaeh provided with the long festoons of nerve 
fibres, the ultimate ramifications of whieh, with all their confusing com¬ 
plexity, eould be seen infinitely more clearly in the original prepara¬ 
tions, than I have been able to indicate in the figure, where only one 
of the fibres is entirely drawn. By selecting a small and well isolated 
portion of the retinidium, it will be seen to consist of innumerable, 
equally large branches, which become continuous with eaeh other in all 
directions to form an inextricable network of fibrillae (fig. 61). Although 
nearly perfect, isolated retinidia are often obtained, they are usually 
united into larger or smaller groups in such a manner that there can be 
no doubt that, at the extremity at least, the individual retinidia are 
connected with eaeh other by fibrils, in the same manner as the various 
nerve branches of the same cell. The bases of the rods are reduced 
to slender stalks, separated from each other by clear spaces through 
which the nerve fibres of the colorless cells pass outwards to form a si¬ 
milar network of fibrillae which unite with those described above. In 
preparations of isolated cells, from whose rods the eutieular substance 
has not been dissolved, I have never been able to find retinophorae with 
rods at their outer end ; the latter was always continued outwards as one, 
or several fibres, that soon divided up into smaller branches, and termi¬ 
nated in the same manner as those of the surrounding pigment cells. It 
is probable that the rods of the colorless cells are so inconsistant as to 
lose their shape when the surrounding cells are removed, or that they 
are dissolved in the processes of maceration. The retinidial layer of the 
cuticula does not entirely fill the cavity of the eye; it passes quite grad- 
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ually into a clear, nerveless, viscid fluid, which more than fills the 
remaining space and consequently projects somewhat over the pupil of 
the eye. This outer portion, often very irregularly shaped, is always 
harder than the inner part, or vitreous body (fig. 58). I have a series 
of sections, in which the surface of the vitreous body has become hard¬ 
ened into a lens shaped portion, situated over the opening of the eye, 
and almost entirely outside of it ;fig. 5S /). This lens is conspicuous 
on account of the difference between its index of refraction and that of 
the vitreous body, and especially on account of the fact that its periphery 
alone stains deeply in haematoxylin. The vitreous body, the lens, and 
the retinidial layer, at the edge of the optic cup merge into each other, 
and by means of a gradual series of changes pass into the cuticula of 
the hypodermic cells surrounding the optic cup. The entire gelatinous 
mass, filling the cavity of the latter, may be reduced to a single, but 
highly modified, cuticular layer, in which the inner stratum, filled with 
the nervous fibres, constitutes the retinidial cuticula, while the 
vitreous body, and the irregular outer thickening, or lens, represent 
the corneal cuticula, homologous with the delicate corneal mem¬ 
brane in the compound eyes of Area, as well as the corneal membrane 
of the invaginate forms. The retinidial layer is homologous with 
the similarly called layer in the invaginated eyes of Area , or the 
retinidia taken collectively of the faceted eyes. 

It is evident, therefore, that the colorless cells must be considered as 
essential elements of the retina, both morphologically and physiologi¬ 
cally, even though, in the present instance, they play a relatively sub¬ 
ordinate part; or rather it would be better to say that the pigmented 
cells, with their retinidia, have gained an unusual ascendency. This, 
however, is necessarily the case, owing to the small specialization of 
the retina, — the hypodermic characteristics of which arc but slightly 
modified, — together with the equally poor functional development 
of the organ. In the phylogenetic development, accompanied by the 
specialization of certain cells in different directions and the acquisition 
of higher functional powers, it will be found that the colorless cells, 
with their retinidia, continue to gain the ascendency, until they con¬ 
stitute the essential and least variable elements, while the pigmented 
cells become more and more subordinate to secondary functions. 

On the upper side of each tentacle of Haliotis , is a dark pig¬ 
mented band,which, in the large head tentacle, is sunken into a furrow, 
in many places so deep that its lips may nearly close to form a tube. 
The floor of the furrow consists of thick, columnar cells filled with a 
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dark brown or black pigment. The ctiticula is not especially developed; 
neither could any colorless cells be seen in the sections. The similarity 
of these pigmented bands with those on the sipho and mantle edge of 
the Lamellibranchiata is at once evident; whether the resemblance is 
more than a superficial one, and whether a similarity in function is also 
present, can only be shown by actual experiment. 


It was Babuchix, who in 1866 1 published a paper which, for 
accuracy of observation, has hardly been excelled by subsequent au¬ 
thors favored with much better means of study. He fully recognized 
that the retina was composed of groups of pigmented cells, surrounding 
a central, colorless one with a large nucleus. He likewise appears to 
have seen the intercellular nerve fibres, but erroneously considered 
them to be foldings in the cell wall. Also the important facts, that the 
colorless cells were continuous at their inner ends with a single fibre, 
while the pigmented ones ended in four or five, did not escape his no¬ 
tice. As far as the structure of the retina is concerned, no new acqui¬ 
sitions have been made since his time, except to extend some of his ob¬ 
servations to other genera. In the majority of cases, subsequent 
authors have failed to recognize certain essential facts which he seems 
to have fully appreciated. 

Hexsen failed to find in Pterotrachea the so-called colorless 
cells of Babuchix. He distinguished three kinds of cells, one of 
which, with the large, round nucleus, was probably one of the colorless 
cells in question, to whose surface, pigment was accidentally attached. 
One might likewise infer from his description, that the pigment cells 
were differentiated into two rows, as in Area. His observations are not, 
however, sufficiently complete to determine with certainty whether his 
rods are formed by the combined products of the pigmented and col¬ 
orless cells, or whether both bodies produce comparatively indepen¬ 
dent structures, as in Haliotis. 

The researches of Si.uroth (30), are drawn out to an interminable 
length, and are accompanied by numerous careful drawings of histo¬ 
logical rubbish, from which he has been unable to cull any new facts 


1 Up to this date the knowledge recorded concerning the structure of the 
retina is of such a rudimentary nature, that it will not be necessary for us to 
consider it. 
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or ideas, and indeed lias failed to see wliat was so clearly pointed out 
for him in the much earlier work of Babuchin. In some inexplicable 
manner, he has attributed the omnipresent »Plattchenstructur« to the 
bodi es of the colorless cells, while he has entirely overlooked the rods 
themselves. 

Fraisse (36) considered that the colorless cells from the eyes of 
Patella and Fissurella (he failed to recognize them in Haliotis) act as 
supports for the pigmented cells; he also sees in them the organs which 
secrete the vitreous body and lens. This idea has taken firm root in the 
minds of subsequent authors, who have compared them with the gland 
cells found generally distributed in the Molluscan hypodennis. More 
recently, however, Hilger (40) has recognized that they play an impor¬ 
tant part in the formation of the rods. 

That the colorless cells are something more than mere gland cells 
is sufficiently proved by the complex structure which I have shown that 
they possess, and the homology that may be pointed out between them 
and cells which undoubtedly play the most important roll in the more 
highly developed eyes of Area and Pecten . Fraisse noticed the fibres 
in the lens, as he called it, and although, at first, he is in doubt whether 
to call them rods, he finally concludes that, in all probability, they are 
artificially produced by the coagulation of the lens. He believes, 
moreover, that the lens is first secreted by the support cells, and after 
it has gained a sufficient size the vitreous body is produced. It seems 
to me that he has reversed the order, and that the lens is simply a part 
of the vitreous body hardened by exposure to the water, as in Haliotis , 
or by coagulation, as in the closed eyes of Fissurella . 

I, however, agree with him in considering the lens and vitreous 
body as cuticular structures, but cannot consider, as he does, that they 
are secreted by the colorless cells alone; the cuticular substance Is 
rather a modification of the walls of both pigmented and colorless cells, 
and shows various degrees of density and of vitality, according as it is 
more or less intimately connected with the cells to which it owes its 
origin. 

The )>Stabchenzellen« of Carriere are so named because they 
contain a colorless axis surrounded by pigment: the former he calls the 
rod, and the pigment cells, the rod cells, which he considers to be un¬ 
doubtedly the essential elements of the retina. He adopts Fraisses 
terminology, and considers with him that the colorless cells are secrete 
cells, homologous with those large gland cells found in the general 
hypodennis. The retinidial layer, he has overlooked, having confused 
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it with the vitreous body. His conception of an eye must be something 
altogether unique, for, after having described, in the eyes of Patella , 
the rods, which he erroneously considers as a vitreous body, and the re- 
tiueum. — having the same structure as in other Mollusca, — he in¬ 
forms us that the organ in question is no eye at all, but simply a pig¬ 
mented hollow in the epidermis! Then, immediately afterwards, he 
speaks of the pigmented cells as »Sinneszellen<( or »Schzellen«, and 
considers the thickened cuticula, secreted by the colorless cells, as 
being specially adapted to protect the very delicate ends of the rods. 
We should be pleased to know what a pigmented hollow, provided with 
a true retina, and containing delicate seeing cells, is, if it is not an eye. 
He evidently considers that these organs have too large an opening to 
be entitled to be called eyes, for he does not hesitate to apply that 
name to an exactly similar structure in Haliotis, the opening of which is 
of more modest dimensions! In the latter genus, he has mistaken the 
retinidial layer for the vitreous body, which, in his preparations, seems 
to have entirely disappeared, with the exception of the lens-like 
thickening covering the opening of the optic cup. The colorless ele¬ 
ments are not secrete-eells, neither do the pigment cells contain any 
colorless axis which, when continued beyond the limits of the pigment, 
forms the rods. The fibres, supposed to be secreted by the colorless 
cells, instead of being simply formless cutieular secretions to be 
transformed into the vitreous body, are rods, similar to those of 
the pigment cells, and supplied in the same manner with nerve 
fibres. 

Hilger, who has recently made a valuable contribution to our 
knowledge of the retina in various forms of Mollusca, has found that 
the colorless cells are generally, and probably universally present in the 
retiueal layer. He has abandoned the old method of considering them 
as secrete, or support cells, and, recognizing the part they play in the 
construction of the rods, calls them the rod cells, although it is difficult 
to understand why, for, according to his figures, they contribute much 
less than the pigment cells to the composition of the rods. He has con¬ 
sidered the retina of Haliotis in less detail than that of other forms with 
which I am unacquainted. I believe, however, that he is wrong in 
supposing that the rods of the several pigment cells, surrounding the 
prolongation of a central colorless one, unite to form a single rod. It 
seems to me much more probable that the same condition, — similar to 
that found in Haliotis , as regards the structure of the retinidial 
layer, — prevails throughout all the Mollusca with equally simple 
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forms of eyes; or, in other words, that the pigmented, as well as the 
colorless cells produce independent rods, whose nerve fibres unite to 
form one complex retinidial layer. His so-called )>Stabchemnantel« is 
composed of the rods of the pigment cells, while the axial portion is the 
rod of the colorless one. It is true, that the rods in the eye of Haliotis 
do not seem to have reached a very high degree of specialization, as 
compared with those of Fissurella and Helix , but this is a difference in 
degree not in kind; moreover it would be impossible to compare a rod, 
as described by Hilger, with any similar structure known. The sharp, 
diagrammatic outlines with which he separates the rods suggest that 
possibly the material was not prepared in the best manner. He is surely 
in error in saying that the pigment cells end in one or more nerve fibres, 
since they end abruptly in root-like fibres, resting upon the connec¬ 
tive tissue membrane. The incorrectness of his conception, that the 
rods are formed by the united activities of the colorless and pigmented 
cells, is proved by the difficulties he encounters in attempting to com¬ 
pare these rods with those of Heteropods, as described by Scuultze : 
for in the latter case, they are formed simply by the retinophorae, the 
central nerve fibre of which constitutes the so-called axis of the rod: 
while in the former instance, the axis is not a single fibre, but the 
double rod of the retinophorae, the shcatli being formed by the rods of 
the pigment cells: therefore, in the Heteropods, it is evident that the 
rods of the pigment cells have entirely disappeared, while those of the 
double colorless ones with the central nerve fibre, have increased pro¬ 
portionately. We have an exactly parallel case occurring in a single 
genus of Molluscs; for in Area the optic cups contain a retinidial layer, 
in which the rods of the pigment cells and the retinophorae play a 
nearly equal part, while, by a gradual series of transformations that 
may be followed step by step, a much higher type of visual organs 
is produced, in which the rods of the retinophorae, — or colorless 
cells. — are alone functional, while the pigmented ones have become 
subordinated to secondary purposes. It appears, from the description 
given by Hexsen of Pterotrachea , that the pigmented cells may be di¬ 
vided into two rows, as in the faceted eyes of Area. It seems, there¬ 
fore, that in the majority of Gasteropods, essentially the same con¬ 
dition found in Haliotis prevails in the structure of the retinidial layer, 
to which the pigmented, as well as the colorless cells contribute their 
more or less independent rods. In Haliotis. the ultimate fibrils of the 
retina terminalia have assumed no special direction; this, I be¬ 
lieve, may be accounted for by the fact that no definite relation exists 
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between the course of the rods, arranged radiately around the wall of 
the optic cup, and the direction of the rays of light entering it. In the 
simpler forms of Molluscan eyes, the relation existing between the 
rods of the pigmented and colorless cells has not been determined, 
nor. whether, as I believe, the ultimate fibrillae of the rods assume a 
direction more and more at right angles to the rays of light which 
impinge upon them. It is, however, certain that in those more com¬ 
plex eyes, in which the amount and direction of light is regulated by 
accessory organs, as in Pect.en , Heteropods and Cephalopods, the rods 
are best developed at that point where the greatest number of nearly 
parallel rays impinge upon the retina, and, also, that in these very 
rods the transverse fibrillae attain the most perfect uniformity of direc¬ 
tion. In proportion as the accessory organs become more and more 
complete, and consequently the functional power of the eyes; the 
greater advantages possessed by the double rods and their central 
fibres for uniform and economic distribution of parallel, transverse 
fibres, are seized upon, and, in proportion as the double rods become 
more and more developed, those of the pigment cells decrease and 
finally disappear. Consequently one finds that, in the most specialized 
eyes, only the true retinophorae have retained their rods in which 
the distribution of the transverse fibrillae has reached the highest 
perfection. 

Butschli 41) finds reason to believe that the colorless cells are 
the essential ones, and hence doubts Grenacher’s assertion that the 
colorless cells or »Limitanszellen« of the Cephalopod eye are not sen¬ 
sitive to light, and he would compare them with the colorless, sensitive 
cells in Gasteropods 1 . The reasoning is most fallaceous. It is perfectly 
well shown by the very article which he is discussing (Hilger’s), 
that the pigmented, as well as the colorless cells contribute to form 
the rods, which are the homologues of the similarly named structures in 
all other eyes. It is equally evident that the so-called rods, and the 
cells which bear them, are the essential elements of the retina; hence 
it follows that the presence or absence of pigment cannot, in this case, 
serve at all as a criterion. Therefore, in attempting to discover the 
homology between the retinal elements of Cephalopods and Gastero- 


1 It does not appear as certain as it might, that the »Limitanszellen« do not 
contain any pigment. It would not be very surprising if the so-called »Sockel« of 
the retinal cells should turn out to be composed of several minute, pigment-bearing 
cells, and that the retinophorae, or retinal cells, were entirely colorless. 
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pods, it is simply necessary to know what are the rods, and by what 
cells they are produced, whether by the pigmented, or colorless ones, or 
by both. The presence or absence of pigment is a factor altogether too 
uncertain to be, alone, of any value; for, as I have shown in Haliotis , the 
double cells, or those which are usually colorless, may sometimes con¬ 
tain a small quantity of pigmeut, while in Pectcn both elements are 
perfectly devoid of pigment. Still another factor must not be ne¬ 
glected, and that is that in the Cephalopods the pigment between the 
rods and around their axial nerve fibre is something entirely unique. 
The presence of pigment around the axial nerve fibre is of great theo¬ 
retical importance, for, if pigment may be produced by a nerve fibre 
within the rod, there is no reason why the external fibres of the rod, 
arising from the limiting or ganglionic cells, may not also produce pig¬ 
ment. Moreover, the manner in which the axial nerve is protected from 
the light proves that it cannot be the percipient element, while, on the 
other hand, the access of light to the walls of the rods containing the 
retinidial cross fibrillae shows that there, as in other Mollusca, is the 
true seat of the light-sensitive elements. 

Grenacher (39) inconsistently speaks of the half of each rod as a 
rhabdomere, which, according to his definition, should be the product of 
a single cell. The so-called rhabdoms found by Grenacher in the Ce¬ 
phalopods have absolutely no morphological signification. They are 
simply due to a deceptive, but economic arrangement, so that the broad 
sides of four different rods are adjacent to each other. The integrity 
of the individual rods, which are similar to those of Pecten , is in 
no wise affected by this arrangement. It is impossible to find any 
points of resemblance between such a rhabdom and that of any 
other animal. He has hastened to apply his name rhabdom to 
these accidental groups of rods, regardless of the consequences. When 
a person applies terms, necessarily restricted in meaning, to widely 
different objects, one is led to believe that there must be some resem¬ 
blance between the objects in question, and possibly some morpho¬ 
logical relationship. But in the present case (p. 251), he is neither 
able to find any resemblance between his rhabdoms in Cephalopods 
and Arthropods, nor is he willing to admit that any morphological 
value could be attached to such a resemblance, provided it existed. 

Without further discussion of the views either of Grenacher or of 
Butschli, I may be permitted to draw comparisons between the retina 
of Cephalopods and that of other Mollusca, based upon my own re¬ 
searches. The whole question hinges upon the nature of the so-ealled 
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^retinal eells«. They are homologous with the retinophorac of Pccten 
and other Mollusca (the colorless cells of Gasteropod eyes); this is suffi¬ 
ciently well shown by the presence of the axial nerve fibre, and the 
double nature of the rods. It should also be indicated by the presence 
of two nuclei, one of which Grenacher has probably overlooked. The 
)>Limitanszellen« are ganglionic cells exactly similar to, and homo¬ 
logous with, the ganglionic cells, especially those of the inner layer, of 
the eye of Pecten . Consequently they represent modified pigment cells of 
the hypodermis, and are homologous with the retinulae of the Gastero¬ 
pod ommatidia. Their prolongations form the external, nervous net¬ 
work of the rods. The limiting membrane corresponds with the corneal 
layer of the cuticula, and probably protects loops of the axial fibre, 
similar to those of Pecten. 


Chapter II. Crustacea and Insects. 

Penaeus. 

The great impetus that modern Zoological science has re¬ 
ceived from comparative anatomy, has not been due so much to more 
subtle or able comparisons, as to a more perfect knowledge of the struc¬ 
ture of single forms. It would not be too much to say that a perfect ac¬ 
quaintance with the anatomy of a single, typical Arthropod eye, with its 
various stages of structural and functional development, would furnish 
us with a key to many of the most difficult problems concerning the 
comparative anatomy and phylogenetic development of the visual 
organs, not only in Arthropods, but in other Invertebrates, as well as 
Vertebrates. In proportion as our knowledge of individual forms is 
less perfect, or built upon false foundations, so will our deduction 
from these false premisses not merely be wrong in the same proportion, 
but exaggerated a thousand fold with every step, and finally entangle 
us in such a labyrinth of false deductions, that future progress would 
be well nigh impossible. We must expect a certain amount of struc¬ 
tural uniformity in those organs which have to carry, by the same 
means, the same forms of energy to similar perceptive centres, and that 
the greatest uniformity should prevail in the most essential parts. My 
studies upon the nerve endings in the Mollusca have induced me to 
believe that a uniformity of structure prevails in the essential elements 
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of all eyes. How far that has proved true will be seen in the follow¬ 
ing pages. A mere accident led me to choose Arthropods as most 
convenient for testing this supposition. I entered upon this subject 
with that respect for the researches of Grenacher (which have been 
so steadily gaining in general acceptancy since their publication) that 
one must feel for honest work, whenever brought in contact with it. 
But my first observations, conducted under other methods, raised 
suspicions that, at least in that case, Grenacher’s explanations would 
not work, and against my desire I was drawn away from my in¬ 
tended course into a boundless field of observation, with the feeling 
that neither time, nor existing circumstances, would allow me to 
treat the subject in a satisfactory manner. The evidence against 
Grenacher’s theory appeared so over-whelming, that I could not resist 
the temptation of making a few observations, with the double object 
of testing my own conception of the structure of the ommatidia, and 
of studying the nerve endings there. The limits of this paper would 
not allow me to carry my observations any farther in this direction, 
but I hope in the near future to extend them, in order, if possible, to 
clear up many difficulties, which I am at present unable to explain. 
They are difficulties, however, which lie in those places where the 
least satisfactory work has been done, and it is not improbable that 
they too will disappear, as I have seen others do, upon a more careful 
study. The favorable conditions, offered by the eyes of Penaeus , have 
been utilized in order to obtain as complete a knowledge as possible 
of one form, which might then serve as a type for comparison with the 
eyes of other genera. 

In Penaeus , the cornea is divided into square facets, the outer 
surfaces of which show mere traces of convexity. Beneath a thin, struc¬ 
tureless and refractive, outer layer, is a thicker, less dense, and lamin¬ 
ated one (PI. 31, fig. 69 c 1 ). Below the cornea is a thin, continuous 
layer — the corneal hypodermis — to which the corneal cuticula 
owes its origin. Each facet rests upon two flattened, oblong cells, reduc¬ 
ed in the centre to a delicate membrane. In the thickened, abaxial 
edges, are the faint, oval nuclei, so arranged that those of the adjacent 
facets are situated near each other, on either side of the dividing line 
(PI. 31, figs. 69 and 76). It is not difficult to obtain examples in which 
the entire ommatidial hypodermis has been removed, leaving the cor¬ 
neal layer intact, so that the number and arrangement of the nuclei, 
as shown in fig. 76, and the median division between the two cells 
may be easily observed. The delicate outlines of these very thin cells. 
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tilled with granular protoplasm, are visible by contrast with the structure¬ 
less, underlying* cuticula. The division between each pair of cells is 
only indicated by a very faint line, while the cells belonging to neigh¬ 
boring facets are separated from each other by a clear, narrow 
space. In the centre of each facet, is a dark spot, or impression, from 
which a tine cliitinous-like fibre often projects (fig. 75 z). One might 
easily overlook the nuclei of the cuticular cells, as they do not absorb 
coloring fluids to any great extent, neither have they a high index 
of refraction. They are usually oval, and perfectly homogeneous, often 
showing no trace whatever of that granular structure so characteristic 
of nuclei in general; but occasionally they are granular, and stain so 
deeply that there can be no doubt of their nuclear nature. By boiling 
a piece of the cuticula a short time in caustic potash, all the less resis¬ 
tant parts are dissolved , and the corneal facets alone left intact, their 
dark boundary lines being widened at the corners to form figures like 
those represented in the plate (fig. 75 cl.f.). In the centre of each facet, is 
a small, round impression, usually the most striking one, while in the 
middle of each side, are similar markings looking like the ends of fine 
fibres, or the impressions where fibres had been attached. A series of 
extraordinarily faint, parallel lines, coinciding with the divisions between 
two corneal cells, separates each facet into halves. The impressions 
(fig. 75 y) indicate where the outer ends of the ommatidial cells were 
attached to the corneal membrane, which has at those points fused 
with the cuticula, upon which impressions of the ommatidial cells are 
thus produced, or fragments of their outer ends left hanging. When 
the treatment with caustic potash has been carried to excess, all mark¬ 
ings disappear, except the contours of the facets. 

Beneath the corneal cell layer is the infinitely thicker, ommateal 
hypodermis, composed of numerous ommatidia corresponding in 
number with the corneal facets. Each ommatidium consists of a 
conical group of 19 or 20 very long cells, each one of which 
extends from the corneal hypodermis to the basal mem¬ 
brane. They are arranged in four circles around a central axis, 
all the nuclei of each group being placed at the same niveau, in 
specially enlarged or pigmented portions, thus forming as many zones, 
at varying heights, as there are circles of cells. The innermost 
group consists of four colorless cells — the retinophorae — united 
to form an inverted pyramid, whose base abuts against the corneal 
hypodermis, while the apex rests upon the basal membrane. The 
bases of the pyramids are square, but, passing inward, the corners 

42 * 


628 


William Patten 


become bevelled, thus giving to a cross section an octagonal outline 
(figs. 79 and 80). Still farther inward, the corners are rounded, giving 
rise to a tube, decreasing in diameter towards the inner end until it is 
reduced to a slender, hollow stalk— the style — which, enlarging 
rapidly, becomes transformed into a solid, pyramidal thickening — the 
pedicel; the latter rests upon the basal membrane by a delicate stalk, 
divided at its inner extremity into three legs, formed by the diverg¬ 
ing ends of the four rctinophorae, two of which have united. The 
rounded, outer ends of the retinophorae are provided with peculiar, 
protoplasmic thickenings in which the nuclei are situated (fig. 69 
n.rf.). They may be seen in cross sections, but more easily in 
macerated pieces of cornea to which the ends of the rctinophorae, 
with their nuclei, remain attached. The latter are coarsely granular, 
oval bodies in which there are vacuoles, often so large as to trans¬ 
form the nucleus into a mere shell (fig. 76). In these preparations, 
one finds an instructive variety of figures, giving an accurate idea of 
the relation of the various parts. When most of the cell substance has 
been removed, it is easy to see the four nuclei of the retinophorae, 
located at the four corners of the square, together with the two smaller 
nuclei of the corneal cells, situated at its sides (fig. 76). The protoplasm 
is often torn away from the centre of the square, leaving an irregular, 
round space of varying dimensions, from the middle of which projects 
quite a large fibre, often surrounded by a group of smaller ones 
fig. 76). 

Below the nuclei, the cells are filled with a mass of less consistent, 
finely granular protoplasm; then follow the conical, four cornered crys¬ 
talline cones which are nearly half as long as the ommatidia them¬ 
selves (fig. 73 c.c.). Each cone forms a square pyramid, the four 
quarters being produced by the thickened, axial walls of the retino¬ 
phorae. Its outer eud is quite firm and consistent, and is composed of 
a refractive, nearly homogeneous substance, which, towards the inner 
end, becomes softer and more granular, having at the apex a tendency 
to break up into fragments. Its diameter is only a trifle smaller than 
that of the calyx, which it almost completely fills, and with whose 
abaxial walls its faces are nearly parallel. Nearer the centre of the 
eye, almost at the inner end of the crystalline cone, the opposite 
halves of the calycal wall develop sickle-shaped, granular thickenings, 
which increase in size as the diameter of the retinophorae dim¬ 
inishes, so that the enclosed space becomes, at first, oval and, finally, 
round (figs. 80, 81 and 82 x), The narrowing apex of the pyramid, 
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formed by the four retinophorae, is finally reduced to a slender, tube¬ 
like stalk, or style, st .; during 1 this process, the granular thicken¬ 
ings become again reduced to thin, structureless walls, which, 
farther on, are supplied with four, minute and refractive, inner ridges 
(tigs. SI—S4 . As we progress still farther towards the basal mem¬ 
brane, the tube becomes square, the four ridges having developed into 
four rectangular thickenings, which nearly fill the central canal (fig. 84), 
Still the changes are not completed, for, farther on, the square tube 
becomes transformed into an oval one; two of the ridges at the ends of 
the small diameter constantly decrease in thickness, until that part of 
the wall is reduced to a thin membrane, while the remainder, surround¬ 
ing the now circular opening, retains its original thickness (figs. 85— 
SS). After a slight, final change, by which the tube with its central canal 
is increased in diameter, we have reached that expanded solid portion, 
or pedicel, usually spoken of as the rhabdom (figs. 93 and 72 pd.). 
The axial walls, in the middle of the four retinophorae, have dis¬ 
appeared: while the abaxial ones, having so completely fused with 
each other as to leave no trace of a former division, form a slender 
tube, the style. 

In the pedicel, the abaxial walls have become so thick as to entirely 
obliterate the central canal, while the divisions between the four 
component segments are again visible (figs. 93—95). The base of the 
style expands suddenly, but gracefully, into the large, pyramidal, outer 
end of the pedicel, which, continued inward as a gradually narrowing 
oblong column, contracts, shortly before reaching the basal membrane, 
into the smaller, inverted pyramid, whose apex is drawn out into an 
extremely slender stalk (fig. 72 st.pcL), Near the basal membrane, 
the latter diverges into three legs composed of the attenuated, inner ends 
of the four retinophorae, two of which have united with each other. 
Each leg of the stalk is divided at its inner end into several 
fibres by which it is united to the basal membrane (figs. 72 and 
108). This fact is of great importance, for it proves that the segments 
of the so-called rhabdom of Grenacher are not secretions of 
the retinulae, but the inner ends of the retinophorae (or crys¬ 
talline cone cells of Grenacher), which terminate in the same root¬ 
like fibres, seen in nearly all hypodermic cells. 

The complicated structure of the pedicels only became intelligible 
to me after the study of wax figures, which I was obliged to construct, 
provided with lines similar to those of the pedicels, and which were 
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combined with each other, until imaginary sections gave approximately 
the same figures seen in actual cross sections of the pedicels. 

The pedicel is a columnar, hyaline body, capped at each end with 
a pyramid. Just before the style is transformed ifSto the pedicel, it is 
seen to be composed of a number of pieces which gradually grow shorter 
and shorter, until they are converted into a number of very thin plates 
constituting the outer pyramid of the pedicel. The plates, however, 
again increase in thickness, until, at the opposite end, they are again 
converted into blocks, 10 or 12 times as thick as the outer lamellae 
(figs. 72 and 74). The pedicel is oblong in section, and for convenience 
we shall speak of the long and short diameters as the primary and 
secondary axes, and the line coinciding with the axial nerve as the 
median, or optic axis, either of the pedicel, or ommatidium. The 
plates are of two kinds, alternating with each other: primary ones, 
composed of fibres, or marked with lines parallel to the primary, or 
long axis; and secondary plates of the same composition, but with the 
lines at right angles to those of the first, or parallel to the secondary 
axis. 

The primary plates are lamellae which have been reduced to thin 
membranes along the secondary axis, while the two extremities have 
been transformed into oval, or diamond-shaped figures, the short diam¬ 
eters of which are equal to the original thickness of the plate (fig. 103). 

The secondary plates are lamellae which retain their original thick¬ 
ness along the secondary axis, as well as along the faces forming the 
broad wall of the pedicel, while the ends are hollowed to receive the 
oval ends of the primary plates (fig. 104;. 

In a median longitudinal section (fig. 72), it will be seen that 
both kinds of plates are thinnest and most numerous at the outer end 
of the pedicel; toward the inner end, however, they increase in thick¬ 
ness, especially the secondary ones. The latter, figs. 104 and 105, may 
be regarded as compound, each one being composed of eight pieces. 
The zigzag line divides the plate into two, while the two double 
wedges of each half are again divided, by a horizontal plane passing 
through the middle of each plate, into four pieces. 

I am inclined to think that, in the living condition, these plates 
form sharp-lined and geometrical figures, but in sections, or macerated 
preparations, they are usually somewhat rounded. 

Each one of the primary plates is, at one end, indented by a fold of 
the scalloped retinula (figs. 72 and 93, /). 

Surrounding the retinophorae, are seven, oddly shaped retinulae, 
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four of which are nearly black, while the remaining three are filled 
with light brown pigment. They attain their greatest size at the base 
of the style, where the nearly spherical nuclei arc situated. The inner 
ends are reduced to narrow bands, closely applied to, and surrounding, 
in irregular order, the pedicel. The nuclei,-and consequently the most 
expanded parts of the cells, arc situated at different levels so that, in a 
series of cross sections, one first sees, in the outer ones, the nuclei of 
the three brown pigment cells, all placed on one side of the style, the 
nuclei of the large median cell being the first to appear (figs. 74. 89 
and 90). These three cells [I, 2, 3 ) then become greatly reduced in size, 
while the outer ends of the two black ones (£, 7) gain the ascendency; 
their axial walls are compressed to thin edges resting upon the style, 
while, near the expanded abaxial faces, are situated the nuclei (figs. 91 
and 92). In the next sections, cells {6 and/) have nearly disappeared and 
the nuclei of the similarly shaped ones (5 and 7) appear (fig. 92). The re¬ 
lation of these cells is represented in a somewhat diagrammatic way in 
fig. 74. 

In the following sections, the uniformity in size and pigmentation 
of the cells becomes gradually established, but they may still be easily 
recognized by their arrangement. In nearly all the figures,consecutive sec¬ 
tions of the ommatidia, as well as of the same cells, are placed in the 
same direction, and uniformly lettered. In the largest portion of the pedi¬ 
cels (which are much more closely arranged than is represented in 
fig. 93), one may occasionally notice that the three cells of one half of 
the pedicel are thinner and contain less pigment, than the four of the 
other half. The arrangement shown in fig. 93 is very constant and 
characteristic, deviations from it being rare and of little importance. 
In following the sections still farther towards the basal membrane, the 
pedicel is seen to be less oblong and finally nearly round, while the re- 
tinulae, which have become proportionally larger, still afford the means 
of determining, by their shape and arrangement, the direction of the 
secondary axes of the pedicel (figs. 93—96). The latter is finally re¬ 
duced to an extremely fine, and almost indistinguishable, central chord, 
completely enveloped in the seven retinulae, which, in the following 
sections, combine to form a butterfly-shaped figure, where the four 
black cells form the wings, and the other three, the body and tail (figs. 
99—100 . The median one (figs. 97—100,7), at this point, much exceeds 
its two neighboring cells in size, a fact which, later on, furnishes us 
with the means of determining their arrangement upon the basal mem¬ 
brane. 
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The outer parts of the retinulae seem to terminate with the knob¬ 
like swellings containing the nuclei; but this is, in reality, not so, for 
they are continued outwards as extremely delicate membranes, similar 
to those already described for the retinulae of Area, At the base of the 
style, and especially at that point where it becomes continuous with 
the pedicel, the membrane is so closely applied to the former that it is 
with difficulty observed (figs. 83 and 84); but farther toward the ex¬ 
terior, the united terminal membranes of each group of retinulae form 
a delicate sheath loosely surrounding the style, from which it is often 
separated by a clear and narrow area. As the styles expand into the 
closely packed, octagonal calyces, it is no longer possible to distinguish 
the sh e ath, between the adjacent walls of the former, which are so 
closely placed that their walls have apparently fused to form one line. 
But the smaller faces of the calyces enclose quadrilateral areas, left 
for the passage of other elements, and in each of them a delicate 
membranous tube may be distinguished (figs. 79—81 rt.s.). 

From theoretical considerations, it is probable that continuations 
of the membrane exist between the walls of the calyces, but are in¬ 
visible for reasons already suggested. It is also probable that the sac- 
like membrane, in the open spaces between the calyces, is formed by 
the fusion of parts of four adjacent sheaths, producing the 
closed tubes seen in cross section (figs. 79—81), and which would, ac¬ 
cordingly, consist of parts of the terminal membranes of seven retinu¬ 
lae, belonging to four different ommatidia. This fact will become more 
intelligible when we consider the outer ends of the membranes and their 
arrangement around the ommatidia. 

Just beneath the inner edge of the pigmented band (fig. 69 pgx), 
the square spaces have attained their greatest size, and it is here that 
the circular membrane is most clearly seen (fig. 79 rt.s.): beyond this 
point, towards the exterior, the spaces become completely filled with 
the pigmented cells, and it is then a matter of the greatest difficulty 
to distinguish the membranous sheath in cross section. In the following 
sections, through that part of the ommatidium between the pigmented 
band and the corneal facets, the sheath may once more be distinguished, 
in the same form as before. Drawings of the sections have not been 
given, since the relation of the parts is sufficiently well represented in 
those macerated specimens, in which the outer ends of the retinophorae 
and various portions of the surrounding pigment cells, as well as the 
sheath of the calyx, remain attached to the inner surface of the cornea 
(figs. 76 and 77). In such preparations, all combinations of the above 
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mentioned parts, in various degrees of clearness, are to be found, and 
by stndying them, one may arrive at a tolerably complete conception 
of the existing conditions. In tig. 7b, is represented a surface view of 
the corneal facets with the hypo dermis and inner ends of the oimua- 
tidia still attached. Those portions of the calyeal sheath which, by 
the fnsion of corresponding parts from adjacent ommatidia, form the 
membranous tubes at the corners of the squares (fig. 76 rt.s.) — are 
exactly similar to those seen in the deeper parts of the eye. Here we 
have the evidence for the above made assertion that each tube is com¬ 
posed of parts of the membranous ends of seven retinulae belonging to 
four different ommatidia; for one may see that, as the tube approa¬ 
ches the facets, its walls thicken, and, when it finally abuts against the 
corneal membrane, are resolved into seven hyaline thickenings, so ar¬ 
ranged as to form the regular, four-armed figures shown in the drawing 
(fig.76, Jandfig.77). By careful examination of many specimens, some of 
which have been treated with caustic potash, a series of forms may be 
found,varying from those in which the tubular membrane projects some 
distance away from the cornea, to those having four arms extending out¬ 
wards as thin membranes (fig. 77 rt.s.), and still others, in which these 
radiating membranes have become so extended as to be continuous with 
corresponding ones from adjacent tubes. In those treated with caustic 
potash, all the more delicate membranes are dissolved, their thickened 
extremities alone remaining. One then sees that the centre of the tubes 
is reduced to a small opening, while each of the radiating membranes 
has resolved itself into two, doubly wedge-shaped thickenings, seven 
or eight of which are arranged (fig. 77 IV) around a point which lies 
directly beneath a place where the corners of four adjacent facets touch 
each other. Of these eight radiating thickenings, two in each group al¬ 
ways face the same square, and — since they unite with those forming 
the remaining sides of the same — the central retinophorae are com¬ 
pletely and immediately surrounded by the outer ends of the retinulae, 
1 —7, thus justifying our conclusion that, morphologically, the latter are 
the most intimately connected with the retinophorae. It has been said 
that the ends of seven retinulae constitute one of the four-armed figures 
described above, and, if this is so, it is evident that one of the pairs, and 
in fact a pair separated by an open angle (as e. g. s l and s 2 , II, fig. 77), 
must be formed, not by two pieces, but by one only. Although it is not 
difficult under favorable circumstances to observe the dividing spaces 
between the segments, yet it is by no means easy to determine 
satisfactorily, whether two of the pieces in each group are fused to 
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form one, as necessarily should be the case provided these figures 
are formed by the ends of seven retinulae. There is, however, one 
other supposition possible, and that is that the median, scalloped re- 
tinula [1] is really a double cell, a not improbable condition when we 
consider its large size, its median position compared with the paired 
arrangement of the two opposite ones, and its peculiar shape, which 
probably is connected with the performance of some special function 
differing from that of the other retinulae. This supposition would be 
changed almost to a certainty, if it could be shown that, for each 0111 - 
matidium, there were eight segments in the tubes instead of seven. But 
as I have said the difficulties in the way of accurate observation were 
too great for the decision of this question. 

The seven retinulae surrounding the pedicel are divided into two 
groups composed of four black and three brown cells. The median one 
of the three latter is remarkable on account of its greater size, and pe¬ 
culiar shape. At the beginning of the laminated structure of the pedicel, 
the axial wall of this cell becomes scalloped, each fold projecting into 
the end of a primary plate (fig. 72). I can form no conjecture as to the 
meaning of this remarkable structure. If my memory does not fail me, 
the same condition prevails in Galathea . The structure was then un¬ 
known to me, and I failed to give sufficient attention to, or to make 
a note of it. 

The pigmented collar of the retinophorae is formed by a third 
circle of four cells arranged in two pairs, the darker ones forming 
the inner, and the lighter ones the outer circle of the collar. Each one 
of the inner cells is triangular in shape, the apex being directed out¬ 
wards, and the thickened base inwards. Both halves of the cell are 
likewise triangular, but lie in planes at right angles to each other, the 
line of union being thickened to form a deeply pigmented ridge (fig. 69), 
smallest anteriorly, and increasing in size posteriorly, until it is con¬ 
tinued beyond the base of the cell as a pigmented rod (fig. 78), which, 
after losing its pigment, is continued still farther inward, to the basal 
membrane, as a slender, colorless rod, or bacillus (figs. 79—100, be). 
In cross sections of the collar, the halves of the pigment cells are seen 
to diminish in thickness at their edges, so that at the intermediate cor¬ 
ners there is hardly any pigment at all; but the calyces are so closely 
packed that the thickest part of one pigment cell lies against the thinnest 
part of the other, the result being that each calyx seems to be sur¬ 
rounded by a uniformly thick band of pigment, which is better devel¬ 
oped toward the inner edge of the collar than in the opposite direction. 
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The outer circle of collar cells has the same shape as the inner, but its 
arrangement is different, since here the bases and thickest parts of the 
triangles are turned outwards instead of inwards (fig. 69). The four 
cells of the collar are so arranged that the triangular spaces, left be-' 
tween the two inner cells, are exactly filled by the two outer ones, thus 
forming a continuous, pigmented band around the calyx. The outer 
edges of the cells contain, instead of pigment, a mass of refractive gran¬ 
ules, which in transmitted light appear nearly colorless, but in re¬ 
flected light are of a faint yellowish-white color, and perfectly opaque. 
The granules produce the same effect as those to be described in the 
cells at the bases of the ommatidia. 

The collar cells are continued, as four delicate fibres, outwards to 
the surface of the ommatidium where they produce four minute impres¬ 
sions at each corner of a corneal facet, or, in case the ends of the retin- 
ulae have remained undisturbed, they are seen as four fibres in the 
centre of each tube (fig. 76). It may be well to call attention here to 
the uncertainty of obtaining these impressions, for in many instances, 
I have seen no trace of them; this is due, I think, to the fact that the 
inner chitinous layer of which the cornea is composed may be removed, 
and, consequently, all trace of the delicate impressions be lost. In cross 
section through any part of the calyx, the bacilli of the collar cells, 
of which those belonging to the inner row are the largest, may con¬ 
stantly be seen at their respective corners (fig. 79—8 \bc.), an arrange¬ 
ment maintained as far as the outer ends of the style, when the smaller 
bacilli gradually ehange their position until each is united with one of 
the larger ones, which have meantime retained the same direction, in 
order to form two pairs, one on each side of the style (figs. 81 and 82). 
On the level of the ealyces, the bacilli are situated within the mem¬ 
branous tubes formed by the ends of the retinulae (fig. 71—81). In 
passing between the pedicels, they are continued along the median line 
of their broader sides, between the paired lateral cells (2, 4 and 5, 5). 

Just before the basal membrane is reached, the two pairs of bacilli 
approach each other at that side of the pedicel opposite the median, 
scalloped cell, and there become fastened to the diagonal bar of the 
basal membrane squares, by means of the characteristic, root-like fibres 
(figs. 99, 101 and 110 bc x and be 1 ). A much better idea of the bacilli, or 
cell stalks (which only differ in the amount of development from those 
of the outer row of cover cells in Area , or the inner ends of the pigment 
cells in the retina of Haliotis ), maybe obtained by studyingmacerated pre¬ 
parations, in which the entire bacilli are isolated. In such cases they are 
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seen to be elongated, hyaline fibres, with node-like swellings at 
various intervals (fig. 111). These bacilli, unless the position and 
arrangement had been accurately determined, might be mistaken for 
the so-called rhabdom of Grenaciier, for which in the present instance 
we have absolutely no equivalent. That no doubt as to the nature of 
the rods can for a moment be entertained, is shown by their root-like, 
characteristic ends, and the ease with which, in cross, or longitudinal 
sections, as well as in macerated preparations, one may demonstrate 
their continuity with the pigment cells at the outer ends of theommatidia. 
Moreover the size of these rods is so great that they form one of the most 
prominent, as well as easily understood objects in macerated prepara¬ 
tions ; they furnish us with a striking proof of the accuracy of previous 
studies upon this subject, which have failed to reveal the presence of 
such prominent and simple structures! This cannot be due to a diffe¬ 
rence in the species studied since, in all other Crustacea, as well as in 
several types of Insect eyes, I have found that the bacilli play an 
equally important part. 

In the spaces between the diminished inner ends of the ommatidia, 
is a third group of cells, the boundaries of which cannot be distin¬ 
guished, and therefore it is difficult to determine the number belonging 
to each ommatidium. The nuclei are arranged at various niveaux around 
the inner ends of the pedicels, seldom far removed from the basal mem¬ 
brane (fig. 73 y). The protoplasm of these cells forms a thick sheath 
around the inner ends of the retinulae, and completely fills the intervening 
spaces. These cells contain a mass of yellowish, fat-like crystals which, 
by reflected light, appear perfectly white and opaque, forming, along 
the inner surface of the ommateum, a narrow and intensely white band, 
perfectly visible to the naked eye. The crystals, which are very simi¬ 
lar to those formed by certain fats, are insoluble in absolute alcohol, 
clove oil, creosote, chloroform, or ether. But a very dilute solution 
of caustic potash dissolves them at once, with the formation of a purple 
solution. I thought, at first, that thecolorcame from dissolved pigment, 
but soon found that that was not the case, for, after a short time, it was 
noticed that the formation of the purple solution, instantly produced 
by the addition of very weak caustic potash, issued only from those 
parts where the crystals were situated, and further, that in a short time 
all the white crystals had disappeared, while the pigment remained 
unaffected. Moreover the latter was only dissolved by subsequent treat¬ 
ment with much stronger caustic potash, then producing a brown, instead 
of a purple solution. As already remarked, there is a smaller deposit 
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of similar crystals in the outer ring of the pigmented collar of the calyx. 
On observing these crystals under the microscope, I unconsciously recalled 
to mind similar crystals, so commonly found in embryo insects, and which 
in BJatta 1 considered to be crystals of uric acid. Whether there is 
more than a superficial resemblance between the two substances or not, 

I was unable to determine. When treated with caustic potash, one often 
sees, in the spaces between adjacent corneal facets, four groups of 
fibres, or impressions of the same (fig.75y). They are probably the outer 
ends of the basal cells just described, although I have been unable to 
trace any connection between the structures in question. This supposi¬ 
tion, if correct, would fix the number of these cells at four, a number 
which agrees very well with that which appears to be present. 

The basal membrane in Penaeus has reached an extremely 
high stage of complication, and supplies us with facts which lead to 
very valuable results; at the same time, it may serve as a type, from 
which similar structures in other genera will probably not vary greatly. 
Our knowledge of the so-called basal membrane may be summarized 
In the oft repeated statement that it is a membrane provided with 
holes for the passage of nerve fibres (the »durchlocherte« membrane 
of the Germans . No attempt to determine the relation between the 
holes of the membranes and the superimposed ommatidia has yet been 
made. The fact, that only in this manner one can obtain a definite 
knowledge of the innervation of the ommatidium, and, at the same 
time, valuable facts concerning their general morphology, has led me 
to consider this subject in some detail. The facts have been obtained 
in two ways; by tangential sections, aud by isolating the membrane by 
means of maceration. In both cases it is necessary to dissolve the in¬ 
numerable, fat-like crystals, described above, with dilute caustic potash. 

We will consider first, the structure of the membrane, second, the 
arrangement of the ommateal cells upon it, and, third, the bundles of 
nerve fibres by which it is penetrated. 

The basal membrane consists of a mass of connective tissue fibres, 
in certain places so compactly fused as to form hyaline, and apparently 
structureless masses, connected with each other by a network of tine 
fibres. Their shape is nearly that of regular Greek crosses, the inner sur¬ 
face being smooth and compact in structure (fig. 107), — while toward 
the outer surface their fibrous nature is more clearly seen. The general 
shape and combination of the crosses which form the membrane cannot 
be better described than by referring to the drawings (figs. 106,108 and 
110). Throughout the entire membrane, the arrangement and direction 
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of the pieces is precisely the same. The inner faces of the arms of the 
crosses are continuous with each other by means of a delicate hyaline 
membrane (fig. 107), while the faces directed towards the enclosed 
squares are united by a series of fibres extending from the inner to 
the outer surfaces of the crosses. From the centre of the inner surface 
of each cross, a group of fibres projects inwards, and unites with the 
connective tissue cells underlying the basal membrane (fig. 107, c. t.f.). 
The enclosed squares are bridged by a bundle of diagonal fibres 
(figs. 106 and 110) which begin at the inner corner of the squares, 
as a single, round bar, and, after breaking up into two brush-like 
bundles, extend outwards to the opposite corner, there becoming at¬ 
tached along the four lines «, b, c , cl tig. 110). These diagonal fibres, 
which maintain the same direction in all the squares, arc of service 
in orienting the arrangement of the ommatidial cells upon the mem¬ 
brane. For convenience, we will call the vertical plane passing through 
these fibres the diagonal plane of the eye; it coincides also with the 
long diameter of the pedicel, but its relation to the body, I have not 
determined. The inner openings of the squares are not rectangular, 
but rounded, and reduced in size by the formation of a circular mem¬ 
brane, thickest at the corners. If now, we study a series of very thin, 
cross sections of the inner ends of the ommatidia, we shall be able to 
determine the position that each cell occupies upon the basal membrane. 
Beyond the base of the pedicel, and after the retinulae have formed 
the butterfly-shaped figure around the central and almost imperceptible 
stalk (figs. 99 and 100), the retinulae suddenly separate, and the cen¬ 
tral thread, increasing in size, soon dissolves into two groups of fibres 
(figs. 106 and 110?/., which become attached to the inner surface of the 
cross. One group is formed of two separate bundles, while the other is 
apparently composed of two similar ones, so closely placed as to form 
one figure, the configuration of which still indicates its dual composition. 
These four bundles, — of which one may discern the impression upon 
the crosses in macerated specimens, — are the four inner ends of 
the retinophorae, and the fibres are their root-like termina¬ 
tions. 

If one follows the retinulae in the same manner, it will be seen 
that after the separation indicated in (fig. 101), the four cells, 4,6,5,7. 
unite to form two pairs, each one of which occupies one angle of the cross, 
on opposite sides of the diagonal plane (fig. 106). The three remaining 
retinulae occupy that intervening angle from which the diagonal bar 
arises, so that two cells are placed on one side of it, and the remaining 
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one on the other. The bases of all seven retinulae rest upon the thicken¬ 
ings of the circular membrane filling the inner corners of the enclosed 
squares (fig. 110). It now remains to indicate the position occupied 
by the inner ends of the four bacilli belonging to the cells constituting 
the pigmented collar of the calyx. We have seen that, on a level with 
the pedicel, they formed two pairs arranged on either side of its broad 
face, between the black retinulae on the one hand, and the brown on 
the other (figs. 89—93). After passing the pedicels, the bacilli come 
to lie outside of the cell group formed by the narrowed, inner ends of the 
ommatidia (figs. 95—100), and still nearer the basal membrane they 
approach each other until finally, they end, in the characteristic manner, 
on the stronger inner fibres of the diagonal bundles, in the angle oppo¬ 
site that occupied by the tlire.e brown retinulae /, 2 ,3 (figs. 106 and 110). 

No traces of the inner ends of the basal cells have been found. A 
diagram, representing these conditions, and lettered to correspond with 
those of the sections at other niveaux, will make this rather confusing 
series of changes more comprehensible. Thus we see that each connec¬ 
tive tissue cross of the basal membrane furnishes the support for a single 
ommatidium, and that both these structures correspond in number. 
Moreover, that the distribution of the various circles of cells around 
their respective centres is determined by certain planes of division, the 
resulting arrangement being identical in all the units and in all the 
parts of the eye. 

A knowledge of the basal membrane and of the arrangement of the 
cells upon it has prepared the way for a comprehension of the distri¬ 
bution of nerve fibres to the cells of the ommatidia. In longitudinal sec¬ 
tions, one can easily see that a single, large, pigmented bundle of nerve 
fibres passes to each of the openings leading into the square spaces en¬ 
closed by the neighboring crosses: just before reaching the latter, it breaks 
up into four, smaller branches going to the four corners of the square. 
Each of these branches divides again into still smaller ones, which 
ascend along the inner ends of the cells; the number of bundles for 
each corner corresponds with the number of cells there. Thus each of 
the eleven cells, whose ends rest in the corners of the squares, is 
supplied with a small bundle of pigmented nerve fibres, all of which 
have arisen from a single branch. But it will be seen, by consulting 
the diagram, that the eleven nerve bundles of each square belong 
to four different ommatidia. It is also evident, that the eleven pig¬ 
mented cells of each ommatidium rest in the corners of four different 
squares, and therefore must receive their nerve fibres from four 
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different, main bundles. Besides the bundles of pigmented fibres, 
there are likewise four colorless ones, which, arising from as many 
main branches, ascend the four angles* of the cross and extend along 
the outer surface of the four retinopliorae (fig. 110 »./.). Lastly, a single, 
minute, colorless branch enters the base of the cross just below the 
origin of the diagonal bar (fig. 108), and, describing a gentle curve, 
issues from the centre of the opposite surface, to be continued straight 
upward between the four retinopliorae as the axial nerve fibre of 
the ommatidium. In macerated specimens, one may see, in the centre 
of the cross, the minute canal, from the round opening of which a small 
nerve fibre often projects. On the inner surface of the membrane, the 
canal opens into a triangular depression, situated on the very edge of 
the cross, at the apex of the angle formed by the two sides (fig. 107 
c.ax.f.). On consulting the diagram (fig. 108), it will be seen that 
the axial nerve fibre comes from the left hand bundle, as does also a 
group of fibres for the outside of one of the four retinopliorae, the re¬ 
maining three of which are supplied from the three surrounding 
squares; consequently the retinopliorae are provided externally with 
nerve fibres from four main branches passing through four different 
squares. The retinulae of each ommatidium are similarly supplied 
from three different branches, while the four bacilli of the pigment 
cells receive their nervous supply from one and the same bundle. 
The diagrammatic figure (fig. 108), represents a longitudinal section 
of the basal membrane, fig. 106, a tangential section of the same, and 
finally, fig. 109, sections through one of the nerve bundles just beneath 
the basal membrane; they are supposed to represent the cells of the 
same ommatidium with their nerve fibres, and consequently are desig¬ 
nated with corresponding letters and figures, easily understood by re¬ 
ferring to the explanation of plates. Thus, although the ommatidia, 
basal membrane crosses, and enclosed squares, as well as the principal 
nerve bundles, coincide in number, each ommatidium is supplied with 
nerve fibres from four different bundle^, or, conversely, each 
main bundle, instead of supplying a corresponding ommatidium, 
divides into sixteen groups which supply the cells of four different om¬ 
matidia. 

In macerated specimens, it is not a difficult matter to follow the 
nerve fibres of each cell along its entire length. One always finds se¬ 
veral fine fibres twisted about the bacilli, on account of their greater 
size, more easily seen at the inner ends, where they may be observed 
in cross sections, or in the isolated cells (fig. 111). They may be 
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followed out to the pigmented ends where, on account of their exces¬ 
sive fineness, they disappear. The nerve fibres of the retinulae 

cling closely to the wall of the cell, which they follow as far as the 

nucleated portion, where they become confused with those of the outer 
wall of the retinophorae. Those of the latter are the most important, 
and may be traced along the outer walls of the retinophorae, surround¬ 
ing the style and pedicel with a number of longitudinal fibres continued 
outward over the surface of the ealyx (fig. 71 ex.n.f .). The axial 
nerve extends from the base of the retinophorae, through the pe¬ 
dicel and the central canal of the style (figs. 70 ax.f .), into the 

calyx, between the four segments of the crystalline cone. In cross sec¬ 
tion, it is most easily seen at either end of the pedicel (fig. 04—96), or 
in the lower parts of the calyx. The conditions for the study of the 
ramifications of the axial fibres to form the retinidium in Penaeus are 
not favorable, and therefore my observations in this respect are not as 
complete as I desired. Still, one may see enough to be convinced that 
the same principle prevails here as in Mantis. Those parts of the calyx, 
not occupied by the crystalline cone, or by the lateral thickenings, seem 
to have been filled with a fluid, in which probably existed a network 
of nervous fibrils, similar to those forming the retinidium in Area and 
Haliotis. One may find positive evidence of it, however, in the fact that 
the lateral thickenings are marked with extremely fine, and nearly 
straight, cross lines,which I consider to be parts of the retinidium, better 
preserved by being imbedded in the more compact substance of the 
lateral thickenings. Moreover, in the softer portions of the crystalline 
cone, the same structure may be seen (fig. 79 and SO . It is therefore 
probable that the whole space enclosed by the outer walls of the four 
retinophorae, or the cavity of the calyx, is filled with a mass of radiat¬ 
ing nerve fibres, which are better preserved in those places where the 
substanee filling the calyx has hardened to form the lateral thickenings, 
or the centrally placed crystalline eones. It is also probable, from 
theoretical considerations, that the system of superficial fibres, distri¬ 
buted over the wall of the ealyx, communicates with the cross branches 
from the axial nerve, just as in Pecten and Area. In the outer ends 
of the crystalline cone, in that part which is densest and most hyaline, 
I have not been able to observe anything like cross lines or fibres. 

Galathea, Palaemon and Pagurus. 

After completing my observations upon Penaeus, I desired to make 
similar studies upon typical genera from the various families of Crus- 
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tacea, but neither time, nor the limits of this paper (already longer 
than I originally intended , have allowed me to carry out the plan. 
Still, I have made a number of observations upon the eyes of the above 
named genera, concerning the most important points I desired to il¬ 
lustrate, and which, although by no means so complete as those upon 
Penaeus , still, as far as they go, fully confirm what I have already 
described for that genus. A more complete description of the ommatidia 
will be reserved for some future time. 

In all three genera, one may easily demonstrate the presence of 
the corneal hypodermis, the general characters of which differ but little 
from those of Penaeus . In both Palaemon and Pag unis there are two 
peripherally placed nuclei for each quadrilateral facet (PI. 31, fig. 115 
n.c.h .). In Galathea , however, there is a remarkable modification of 
these cells to form, for each ommatidium, an iris with a slit-like con¬ 
tractile opening, the walls of which may be expanded by means of 
radiating, contractile fibres, attached to the periphery of the cells (PI. 31, 
fig. 114). The iris is formed of the two corneal hypodermic cells, the very 
indistinct nuclei of which are situated so close together, that they often 
appear like a single oval body, placed exactly over the centre of the 
hexagonal facets, instead of on the periphery. The cell protoplasm is 
thickened into two opaque, triangular curtains enclosing a clear, slit¬ 
like space, in the centre of which are situated the two nuclei. When 
the closed iris is observed from below, in surface preparations, one 
sees simply the thickened edge of the adjacent cell walls enclosing a 
very narrow, central space. In an open iris, prepared in the same 
manner, the free edge of the triangular curtain, which otherwise pro¬ 
jects inwards between the slightly expanded outer ends of the retino- 
phorae, is seen to have been drawn towards the periphery of the cell, 
thus enlarging the central opening, or pupil, and also affording a better 
view of the shape of the curtain (fig. 114 cu.) ; the latter is composed of a 
granular protoplasm, filled with what appear to be vacuoles of varying 
size. The edge of the curtain is continuous with many fine, radiating, 
protoplasmic fibres, which, at their opposite extremities, unite with a 
thickened, peripheral ring of protoplasm, x. 

In surface preparations, made as described for Penaeus , the iris 
of each facet may be seen in various stages of expansion and contrac¬ 
tion. The two nuclei, placed in the centre of the opening, are extremely 
transparent and refractive, and these facts together whit their lenticular 
shape might lead one to consider them as minute lenses. The curtain 
of the iris, in the living condition, is probably filled with fat globules. 
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which, being readily soluble in alcohol, produce the vacuolated ap¬ 
pearance described above; they would tend to make that part of the iris 
opaque, thus facilitating its function of modifying the intensity of the 
light. 

In Galathea , as well as in Pagurus and Palaemon, I have succeeded 
in isolating, by maceration, the style of the retinophorae, which 
was continuous, at one end, with the four segments of the 
calyx, and, at the other, with the four rows of plates constitut¬ 
ing the pedicel. In the centre of the style, the four hyaline stalks of the 
retinophorae are inseparably united to form, as in Penaeus, a tube, which 
near the pedicel has again the tendency to divide into four segments 
(tig. 117, PI. 31). There can be no doubt that the calyx, style and 
pedicel (or the Krystallkegelzellen and rhabdoms of Grenacher), are 
continuous parts of the four retinophorae, a fact that is fatal to Gre- 
nachers theory that the Krystallkegelzellen (or what corresponds to 
my calyx of the retinophorae) are homologous with the cells of the 
vitreous body in Spiders and Myriapods. There are besides several 
other insurmountable objections to this theory, rendering it no longer 
tenable. The real liomologues of the vitreous cells of Myriapods, Spiders 
and Hexapod ocelli, are those of the corneal hypodermis, which 
I have been able to detect in all the genera that I have examined, 
and which without doubt must be considered to be universally present! 

For example, I have found the corneal hypodermis present in 
Musca , Mantis , Branchipus , Penaeus , Palaemon , Pagurus and Galathea . 

The number of the retinulae in Palaemon , Galathea , and Pagurus 
is seven, the same as in Penaeus , but the nucleated portions, instead of 
being situated close to the inner end of the style, are extended outwards 
as far as the neck of the calyx. The four outer pigment cells form a 
dense black circle, just above the former, and are continued outwards 
toward the cornea, as well as in the opposite direction, as slender pig¬ 
mented rods, which in the latter case become reduced to the colorless 
and hyaline bacilli, and are continued, as such, up to the basal mem¬ 
brane. 

The calyx of Galathea is very favorable for the study of the nerve 
fibrillae which there form the retinidium. For this purpose, I 
have prepared the cells by the same method used to dissolve the cuti- 
cular substance of the rods in Haliotis. It also gave very good results 
here, but did not dissolve the crystalline cone. In such preparations, 
one could follow the external, longitudinal nerve fibres surrounding the 
style, as well as the central, axial fibres (PI. 31, figs. 131 and 132) up 
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to the calyx, where the former became continued into the centre of the 
crystalline cone, while the latter, spreading out over the wall of the 
calyx, form a complete network of nerve fibrillae: the latter branch, in 
pretty regular order, at right angles from the larger longitudinal ones, 
and then unite to form a continuous network of superficial fibres (figs. 129 
and 130). 

One finds in Galathea the same abaxial thickenings, (four), of the 
calycal wall, as in Penaem , and can readily distinguish in them the cross 
fibrillae, which have exactly the same appearance as those in the rods of 
Pecten . In cross sections, it can, in some cases, be seen where these fibres 
are continued across the cavity of the calyx to the crystalline cone. It 
is extremely difficult to prepare the crystalline cone in such a manner 
that the radiating cross striae can be seen. In some cases, the cones 
remain perfectly transparent and apparently structureless; in others, 
one may succeed in detecting the striae, especially towards the inner 
ends of the cones, which there appear to be less dense. In Pagurus , 
however. I have succeeded in obtaining the clearest insight into the 
structure of the crystalline cones. Here they are less hyaline, and the 
striae may be seen without special difficulty. 

In all these genera the pedicels are composed of two sets of plates, 
the fibres in one of which are at right angles to those of the other. The 
plates themselves appear to fit into each other in the same manner as 
those of Penaeus. 

In the last named genus, the division of the corneal facets into 
halves, produced by the impression of the two underlying cells, was 
so faintly marked that one might lie tempted to doubt its meaning, if, 
in other cases, there did not exist such positive evidence to the contrary. 
In Galathea , the division of the facets is so plain, and corresponds so 
exactly with the outlines of the corneal cells, that there can be no doubt 
that the latter, and not the Krystallkegelzellen, as Grenacher believes, 
give rise to the facets of the cornea. Indeed I have observed two instances 
in which a facet was composed of two perfectly distinct parts, 
each one of which corresponded with the underlying corneal cells 
(PI. 31, fig. 116, a . In fig. 114, the divisions are represented as 
extending from one angle of the facet to the opposite one. This how¬ 
ever is very exceptional, for in by far the majority of cases it extends 
from the middle of one wall, to a corresponding point in the opposite 
one (fig. 116). This line of division, whatever its direction maybe, 
compared with the periphery of the facets, always lies directly over 
the adjacent, median walls of the two corneal cells. 
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Braucliipus and Orchestia, 

I have had the pleasure of examining some well preserved 
eyes of Branchipus Grubii , prepared during my stay in Leipzig. The 
four nuclei of the retinophorae are located at the outer ends of the cells, 
over which they form a kind of cap , situated in a thickening similar 
to that found in a corresponding position in the eye of Pencieus . The 
corneal hypodermis is well developed and consists of a layer of inde¬ 
finitely arranged cells upon the inner surface of the unfaceted corn ea. 
The style of the retinophorae forms a spindle-shaped tube, largest near 
the outer ends of the retinulae, and decreasing in diameter towards 
either extremity; the outer end becomes directly continuous with the 
calyx, while the slender inner one rests upon the basal membrane. 
The tube, within which may be seen the axial nerve fibre, is laterally 
flattened, the two narrow walls being much thicker than the broad 
ones. The cross nerve fibres within the calyx, together with the super¬ 
ficial ones upon the walls of the same, may be seen here just the same 
as in Galathea , Pencieus etc. from which they do not differ to any notice¬ 
able extent. The four lateral thickenings seen in the calyx of GaJathea , 
and the outer row of pigmented cover cells (and of course the bacilli, 
or their stalk-like ends), are absent in Branchipus . 

In Orchestia , I have also seen in macerated specimens the same 
nervous network upon the surface of the calyx, although I was unable to 
detect cross striae in the crystalline cones. Along the wall of the calyx, 
which is almost completely filled by the crystalline cone, may be de¬ 
tected several comparatively large, longitudinal fibres, from which a 
great number of irregular, smaller branches arise. 


A valuable confirmation of my opinion, that the corneal hypoder¬ 
mis is the very much modified and reduced layer of similarly named 
cells in the eyes of Myriapods and Spiders, was found on examining 
some sections of embryo lobsters which were just ready to escape from 
the chorion. Here the cells formed a broad and very distinct layer, 
separated from the underlying ommatidia by an extremely delicate 
membrane. An exactly similar condition was found in the eyes of larval 
Pencieus , or an allied genus. In both cases, the development of the 
larval cuticnlar hypodermis was much greater than in the adult, where 
it is reduced to an almost unrecognizable thinness. Moreover, the nuclei 
of these cells stain more deeply, and consequently are more easily re- 






646 


William Patten 


cognized, in the larval, than in the adult condition. These two facts 
indicate that the eutieular hypodennis must have once constituted a 
more important and conspicuous part of the eye than at present. 

Mantis religiosa. 

The thick eutieular covering of the eye is divided into hexagonal, 
biconvex facets, the inner surface being more strongly arched than 
the outer. They are divided into a hard, homogeneous, outer layer 
(fig. llSc'), and a thicker, less refractive, inner one, composed of a great 
number of thin, superimposed layers having the same curves as the 
outer surfaces of the facets. The latter are separated from each other 
by a thin layer of chitinous substance, the refractive index of which is 
different from that of the facets (fig. 1 IS). On the periphery of the inner 
surface of the latter, are two small nuclei c.h around each of which is a 
rather large, triangular space, filled with protoplasm, diminishing quite 
rapidly in thickness towards the centre of the corresponding facet. I 
have only been able to study these nuclei in sections, since the fresh 
material at my command was not sufficient for maceration. It is only 
by the latter method, by which one may isolate large portions of the 
corneal cuticula with their underlying nuclei, that an adequate knowl¬ 
edge can be obtained of the number and arrangement of these cells, 
to which the corneal facets owe their origin, and which form a con¬ 
tinuous and distinct layer, — the corneal hypodermis, — between 
the cuticula and the ommateum. The latter is composed of a number 
of ommatidia, each one of which, in turn, consists of four central 
retinopliorae surrounded by several rows of pigment cells. The outer 
ends of the retinopliorae are greatly enlarged to form the calyx, 
which contains the retinidium. The two inner thirds are reduced to 
a narrow tube, the style, which nearly corresponds with the so- 
called rliabdom of Grenacher. 

The calyx is surrounded by a layer of yellowish brown pigment 
cells, the nuclei of which are so arranged that it is difficult to determine 
their number, but they appear to form two, rather indistinct rows. In 
longitudinal sections, it is only occasionally that one sees isolated, oval 
nuclei high up, between the retinopliorae, as in fig. 118, pc/ [ . But in the 
large space, formed by the constriction of the inner ends of the calyces 
are several large nuclei, varying considerably in size, and undoubtedly 
belonging to the yellowish brown pigment cells. These cells do not 
show any distinct constrictions, and it is therefore difficult to determine 
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their exact number or shape. Judging from the nuclei, there are at 
least six brown pigment cells for each ommatidium. Two prominent, 
black pigment cells completely surround the neck of the calyx. In 
longitudinal sections, or in isolated preparations, it is seen that their 
expanded and deeply pigmented inner extremity ends squarely, and 
contains a round nucleus; in the opposite direction they become thin 
and narrow, and the pigment, which is diminished in quantity, finally 
disappears (fig. 118, pg . 3 ;. The style of the retinophorae is completely 
enclosed by seven retinulae, whose outer ends, in which the nuclei are 
situated, are completely impregnated with nearly black pigment, while, 
towards the inner ends, the axial faces alone are colored in this manner. 
Three of these cells are longer and more deeply pigmented than the 
others, so that a cross section of the ommateum, just below the calyx, 
shows only the ends of these three cells arranged as in fig. 123; at the 
very ends they are broad and thin, increasing in thickness, inwards. 
All seven retinulae form along double cone, whose greatest diameter is in 
the part where there is the most pigment. 

The spaces between the inner ends of the ommatidia are occupied 
by irregular, slightly pigmented cells, containing oval, and distinctly 
visible nuclei (fig. 118, y ). 

Numerous, hue, tracheal branches, tr, are found between the 
ommatidia. 

The ommatidial layer of the eye rests upon an enormously thicken¬ 
ed, connective tissue, basal membrane, which forms a thick, sieve¬ 
like layer permeated by canals, corresponding in number with the 
ommatidia , and through each of which passes a bundle of pigmented 
nerve fibres. The outer surface of the basal membrane, upon which 
rest the inner ends of the ommatidia, is well supplied with pigment, 
which obscures its finer structure. The inner surface is thickened and 
forms a sieve-like membrane, which stains deeply inhaematoxylin, and 
might easily be mistaken for a true basal membrane (fig. 127, a. e.). The 
latter is composed of more compactly united, connective tissue fibres, 
and is sharply defined on its outer surface, while on its inner, the fibres 
of which it is composed become continuous with those irregularly en¬ 
circling the numerous »nerve ckannels«. Towards the periphery of 
the eye, this massive membrane, which contains many nuclei, 
becomes thinner, and, finally, at the beginning of the ordinary hypo- 
dermis disappears. The rounded outer ends of the retinophorae, where 
the four large, oval nuclei are situated, contain a very thin, watery 
fluid; anything equivalent to a crystalline cone being absent. The walls 
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of the calyx are finely striped, as though covered with quite regularly 
arranged fibres fig. 118). 

The calyx is divided into four chambers by the inner walls of the 
four retinophorae (fig. 119); near its inner end two of the walls dis¬ 
appear, and consequently the retinidium is divided into halves, the plane 
of division passing through the two pigmented cells, pg. z (fig. 121). Finally > 
these walls also disappear, at that point where the calyx is transformed 
into the style (fig. 122). Although the axial walls of the retinophorae 
have disappeared, the abaxial ones, which form the calyx, continue as 
a closed and narrow tube, the style, as far as the basal membrane. The 
same method of innervation is to be found here as in the Mollusca and 
Crustacea; each cell is provided with a number of nerve fibres, extending 
its whole length, and closely applied to its outer surface. By the 
concrescence of the retinophorae, the nerve fibres of the adjacent walls 
did not disappear, but came to lie in the centre of the group; as the union 
became more intimate, theiuner walls disappeared entirely, and the nerve 
fibres became as completely enclosed by the united cell walls as though 
they had developed within a single cell. With a good oil immersion, it 
maybe seen, without special difficulty, in properly prepared material, that 
the axial bundle of nerve fibres thus formed occupies the centres of the 
narrow tubes produced by the united stalks of the four retinophorae 
fig. 12S). The conditions for observation are so unfavorable at the 
inner end of the style, that the narrow tube with its central fibre is with 
difficulty distinguishable; but at the outer end, the tube is considerably 
enlarged, and the axial nerve bundle is seen to consist of four distinct 
fibres, which themselves are probably composed of numerous smaller 
ones (fig. 124). Just beyond the narrow neck of the calyx (fig. 128), 
the four bundles of nerve fibres break up into innumerable branches, 
which follow the median partition for a short distance and then separate 
to form four groups, each one of which passes through the middle of 
one of the four chambers of the calyx (figs. 121 and 119). From each 
of these fibres, are given off innumerable horizontal fibril- 
lae, which fuse and interlace with each other to form a com¬ 
plete nervous network, distinguishable only in the most 
carefully prepared material. The best method of preparation is 
the one I have already described for Pecten , i. e. treatment for about 
half an hour in chromic acid, VsVo; 45° Centigrade. The following 
day, one may pick to pieces with needles, and examine in acetate of 
potash. By this method, the most beautiful results are obtained, for it 
very often happens that the whole retinidium may be isolated 
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as a spongy-like core, in which the longitudinal fibres with their 
cross branches may be seen with perfect ease. It is not within my 
power to give, by means of drawings, an adequate idea of the marvel¬ 
lous complexity, yet at the same time wonderful clearness and simplic¬ 
ity, of this structure, which at once furnishes such a complete proof 
that the seat of vision is located at that place, as it has seldom been 
the lot of a student to experience, in an equally difficult subject. Sec¬ 
tions of another eye, prepared at the same time in this manner, show 
essentially the same structure, except that many of the finest fibrillae 
have become so strongly varicose as to disguise their real nature; under 
unfavorable optical conditions, a mass of fine granules are seen, with 
comparatively few, distinctly visible, cross fibres. But even then a care¬ 
ful examination would not fail to disclose the same general structure 
that is so plainly visible in the dissected eyes. However indistinct the 
cross fibrillae, at times, maybe, the four central bundles always remain 
visible. In cross sections of the hollow style, may be seen, with a 
distinctness that leaves no doubt in the mind, very fine fibres radiating 
from the axial bundle towards the periphery (figs. 128, 124 and 125). 
The effect is similar to that seen in cross sections of the retinidia of 
Pedai, 

If a cross section of the retinidium of Mantis be compared with one 
of Penaeus , Area, or Galatliea , a slight difference will be observed: In 
the last three, the axial nerve bundle remains exactly in the central 
axis, between the adjacent walls of the four cells. In Mantis, there 
are four bundles, one inside of each cell; this can only be explained 
by the fact that, at the inner end of the calyx and indeed through¬ 
out the whole length of the style, the axial walls of the four cells 
have disappeared, and thus the way was left open for the fibres 
to pass into the centre of each cell; this is evidently a clear gain in 
the distribution of the horizontal fibrillae, and may possibly account 
for the absence of a crystalline cone. The wall of the style is surround¬ 
ed by six nerve fibres, which appear in cross sections as so many 
small dots (figs. 125 and 124). They may be followed as far as the 
neck of the calyx, where they disappear, breaking up into numerous 
smaller branches, continuous with those inside the calyx hy means of 
minute cross fibrillae. Towards the outer end of the ommatidium. the 
retinulae are easily seen to consist of seven distinct cells, closely sur¬ 
rounding the style; towards the inner ends, the space enclosed by the 
pigmented axial faces of the retinulae, remains about the same, while 
the enclosed style with the six nerve fibres becomes smaller and thus 
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gives rise to a pigmentless area between the style and the retinulae 
(fig. 125). Whether that is the normal condition, or an artificial product of 
the reagents used, I am unable to say. The retinidium, besides being 
enclosed in the calyx, is also surrounded by a somewhat thicker and 
structureless membrane, the retinidial sheath, formed by the 
united outer ends of the seven retinulae, which are continued outwards 
to the surface of the ommatidial layer as thin cell walls. The abaxial 
face of each retinula is provided with a number of longitudinal 
nerve fibres connected with each other by numerous, minute, circular 
ones (fig. 118). Around the retinulae are several bacilli, the number 
of which for each ommatidium I was unable to determine with certainty, 
but I have counted eight in several instances, and think that that is the 
normal number. They are much larger than the nerve fibres and are 
undoubtedly the inner, stalk-like ends of the outer pigment cells, with 
which they should correspond in number. They are round, colorless 
and refractive rods, surrounded by nerve fibres; the inner ends, which 
rest on the basal membrane, expand into several root-like fibres, a 
proof that they are the modified inner ends of hypodermic cells. The 
nerve fibres surrounding each bacillus, supply the outer pigmented ends 
of the same. The bacilli may be followed in longitudinal sections as 
far as the outer ends of the retinulae, but, occasionally, one is seen to 
extend as far as the inner row of nuclei of the brown cells (fig. 118, 
b. pg x ); they probably belong to those pigmented cells, the nuclei of 
which may be seen between the outer ends of the calyces. 

Through each canal in the basal membrane, passes a bundle of 
nerve fibres which are pigmented towards their outer ends. Whether 
the same breaking* up of the nervous bundles to supply four different 
ommatidia takes place here, as in Penaens , or not, I am unable to say, 
since the material at my disposal was neither sufficiently abundant, 
nor favorable for the observation of such minute details. At all events, 
the fibres , or groups of fibres, may easily be seen passing to the indi¬ 
vidual cells which constitute the ommatidia; they may then be followed 
along the whole length of the same, either in cross or longitudinal 
sections, or in the dissected and isolated cells. 

Chapter III. General Remarks on the Slollusca. 

The term ominateum was first introduced by Lankester to de¬ 
signate all the soft parts of the Arthropod eye, with the exception of the 
cutieular lens. Carriere adopted this term, and added that of omma- 
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tidi uni, to designate the individual eyes of which the Arthropod omnia- 
teiim is composed. According- to my own reseaches, the structure and 
morphological signification of the latter term is entirely different from 
that ascribed to it by my predecessors. Two difficulties have presented 
themselves, either new terms must be invented to designate what I con¬ 
sider to be the real unit of the Arthropod, or in fact of all eyes, or the 
meaning of the old, must be extended to suit my conception of the 
structure. I have chosen the latter course, the less of the two evils. 

By the term omnia tidi um, I shall designate those constructive 
elements of all eyes consisting of single (?, or compound, colorless cells 
the retinophorae, surrounded by one or more circles of pigmented 
ones, or r etinulae. 

A typical Molluscan ommatidium consists of a double, colorless 
and, in some cases, gland-like cell, the retinopliora, containing two 
nuclei and an axial nerve fibre. The external surface of the retinopliora 
is provided with nerve fibres, which at the outer ends of the cells break 
up into numerous fibrillae directly continuous with similar ones from the 
axial nerve. This network of cross fibrillae, the retinidium, is usually 
supported by a cuticular secretion, or rod, of the retinophora. The latter, 
except in the retinated types, always contains a number of refractive 
globules which serve as a kind of mirror, or argentinula, for each rod, so 
that the rays of light are reflected back again, passing a second time 
through the retinidium. The retinophorae are surrounded by a circle of 
pigmented cells, which may also be provided with nervous retiatermi- 
nalia imbedded in a cuticular secretion; but these cells are in all 
cases single and contain no axial fibres. In the simplest condition, the 
terminal nerve fibrillae of the retinophorae, of the pigment cells, or 
retinulae, and of the adjacent, unmodified epithelial cells, form a con¬ 
tinuous nervous network. 

The retinophorae, in all the varied stages of their modification, 
are distinguished by their pointed inner ends drawn out into the axial 
nerve fibre, and by the presence of two nuclei; one is faint and difficult 
to observe, while the other is large and oval, stains sharply but not 
deeply, and always contains a nucleolus. 

The retinulae end in several root-like fibres resting upon the 
basal membrane. Their nuclei are comparatively small, stain deeply 
but not so clearly and sharply as those of the retinophorae, and, as far 
as I have observed, never contain nucleoli. 

The retinulae may be transformed into ganglionic cells, which, 
in the early stages, migrate inwards leaving the retineum, with 
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which they remain in connection by a nerve fibre, or, in the later stages, 
they may be converted »in situ« into ganglionic cells which never leave 
the retina (PI. 32, figs. 139 and 140). 

Animals provided with the simplest oinmatidia may possess an 
extraordinary sensitiveness to changes in the intensity of light, as wit¬ 
ness Amcula . An epithelium provided with such ommatidia is seldom, 
or never, perfectly smooth; it is thrown into innumerable folds which 
usually run at right angles to the course of the greatest amount of light 
The folds serve a double purpose; first, of increasing the light sensitive 
surface, and second, of bringing the ultimate nerve fibrillae, which are 
in general tangential to the surface, as nearly as possible at right an¬ 
gles to the rays of light coming from various directions. 

Here, then,we have the conditions which shall determine the ultim¬ 
ate structure of the incipient visual organ. In the folded portions of 
the ommatidial surface, a double advantage is gained; first, a protection 
for the retia terminalia supported by the cuticula; and, second, a par¬ 
tial exclusion of lateral rays of light, so that both the retinidia of the 
pigmented, as well as of the colorless cells, may become functional. 
In the convex type of eyes, the pigmented cells lose their terminal nerve 
fibrillae, and serve solely to surround the radiating retinidia of the retino- 
phorae in such a manner that each one shall receive only the vertical 
rays of light. In all convex eyes, the so-called faceted structure is a 
necessary consequence of the law that the perfection of a visual 
organ depends upon the degree to which lateral rays of light 
are excluded from the retinidia, and upon the degree to 
which the ultimate fibrillae of the latter have become per¬ 
pendicular to the rays of light. In convex eyes with radiately 
arranged ommatidia, the protection of the retinidia from lateral rays 
can only be accomplished by the isolation of the individual retinidia, 
a function to which the pigmented retinulae have become subordinate; 
in the same proportion, the retiuophorae become the more essential ele¬ 
ments. The rapidity with which the latter assume the supremacy is, 
without doubt, due to their axial nerve fibres, so well adapted to the 
most economic distribution, over a given area, of radiating fibrillae. To 
this may also be added their refractive and granular contents, acting 
as mirrors, which reflect the light that has once passed the retinidia, 
and cause it to pass a second time through the rctinidial fibrillae. 

The absence of pigment in the retinophorae, even when its pres¬ 
ence would not interfere with the accession of light to the retinidia, is 
a fact worthy of consideration. That it must have an importance hardly 
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exceeded by that of the nerve fibres themselves, is shown by the con¬ 
stant 1 absence of granular pigment in all retinophorae, from the sim¬ 
plest isolated ones, to the most specialized. 

It is not impossible that the retinophorae originated from simple 
gland cells, which had the advantage over the pigmented ones in that 
the rays of light would be reflected outwards again, by the colorless 
and refractive contents underlying the retia terminalia; pigment would 
absorb, not reflect, light. But I am inclined to regard the refractive 
globules as being secondarily acquired by the colorless cells, since in 
the Coelenterata they are absent. The remarkable constancy with 
which similar gland-like cells are associated with the sense hair papillae 
of the Mollusc,a, the sense organs of the lateral line, and organs of 
taste in Vertebrates, indicates that these gland-like cells have some¬ 
thing more than a casual connection with organs of special sense. 

In the invaginated forms, the shape of the eye determines, to a 
certain degree, the direction of the rays of light, and we should expect 
to find in the simplest eyes of this type that both retinulae and retino¬ 
phorae contribute nearly equal parts to the formation of the retinidia; 
and, indeed, such is invariably the case in the simpler formsofMolluscan 
eyes. According as these invaginate eyes become more highly devel¬ 
oped, — a process accompanied by the narrowing of the pupil together 
with the addition of some refractive body, as the lens, — the direction 
of the rays of light becomes definitely fixed, and the fibrillae of the 
retinidia assume a more perfect radial arrangement, in overlying planes, 
around the larger nerves fibres. 

In the simplest Molluscan eyes, the arrangement of the fibrillae is 
not of great moment so that both retinophorae and retinulae may pro¬ 
duce rods; but in the more perfect organs, as those of Cephalopods, 
Heteropods and Pecten , the retinophorae, owing to the advantageous 
arrangement of their axial nerves, alone develop rods. 

The visual organs of the Mollusea may be divided, according to the 
arrangement and modification of the ommatidia, into four types: the 
diffuse, the invaginate, the faceted, and the pseudo-lenti- 
culate type, representing the three modifications of light sensitive 
surfaces, i. e., a retineum, ommateum and a retina. 

The Mollusea is the most interesting group of animals we know 
of. as far as visual organs are concerned, since it contains all types of 


1 In Cephalopods, Nautilus and Sepia , there appears to be an exception, iu 
that the so-called sense cells are somewhat pigmented. 
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such structures known to exist. Even in one genus, as Area , one finds 
innumerable examples of the diffuse, the invaginate, and the evaginate, 
or compound eye. 

The isolated ommatidia, constituting the diffuse form, seem to be 
present in nearly all of the Lamellibranchiata, regardless of whether 
other and more perfect eyes are present or not. In the Gasteropods, 
their presence has never been demonstrated, but from the rudiment¬ 
ary character of some of their eyes ( Patella , Helix , Haliotis , etc.), 
there can be no doubt, that in the well developed pigmented areas of 
these animals, there are also isolated ommatidia similar to those of the 
Lamellibranchiata. 

The ehromatophores of the Cephalopods offer strikin^resemblances 
to the isolated ommatidia. Blanchard (70) has shown that they develop 
as single, colorless cells surrounded by pigmented ones. If we suppose 
that these embryonic organs are ommatidia, and that the colored cells, 
or retinulae, should assume the features so characteristic of the pigment 
cells in certain Coelenterata, Crustacea, and embryo fishes, i. e. amoe¬ 
boid arms and contractility, the ommatidia would then be transformed 
into ehromatophores. Their original function as ommatidia, and conse¬ 
quently the intimate relation they bore to the light, would prepare the 
way for their transformation into their present condition. In the La¬ 
mellibranchiata, the isolated ommatidia are found principally in those 
pigmented areas exposed to the direct rays of light, that is, on the edge 
of the mantle and tip of the sipho. In the former region, on the bran¬ 
chial side of the ophthalmic fold, the ommatidia tend to form into groups, 
covered with a slightly thickened cuticula, on the surface of rounded 
summits or elongated ridges. or upon the floor of shallow grooves or 
circular pits. Although in these cases the cuticula shows no traces of 
a division for each underlying cell, it may be divided into two contin¬ 
uous layers; a very thin, structureless, outerone. or corneal cuticula, 
and a thicker, less compact, inner one, the retinidial cuticula, filled 
with the fibrillae of the retia terminalia (PI. 32, fig. 130). 

In general, the ommatidia seem to be scattered about indefinitely 
over the pigmented surface of the mantle, but the irregular folds in the 
epithelium offer certain advantages which are seized upon by the om¬ 
matidia, causing them to develop more rapidly in those regions with 
the most folds. 

The invaginated eyes of Area may easily be proven to have origin¬ 
ated from the pigmented furrows, or pits. Did the faceted, or evaginate 
eyes, originate from the pigmented summits and ridges, or by a modi- 
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fication of the invaginate eyes? Although 1 would not entirely exclude 
the former possibility, I have only found evidence in favor of the latter. 
As far as we know, only Area , Pectunculus , and possibly the ancestral 
forms of Pecten , were supplied with evaginated, or faceted eyes, while 
all other Mollusca possess only the invaginate types. We may mention 
the following facts in favor of the supposition that the faceted eyes are 
modifications of the invaginated ones. The latter are found in all stages 
of development, large or small, deep or shallow, round, oval, or elong¬ 
ated. If now the faceted eyes were formed from the summits and ridges 
separating the pits and grooves, we should expect to find a series of 
intermediate forms, parallel with those of the invaginate ones. But this 
is not the case, for the faceted eyes are usually of a large and constant 
form, sunken in pits more or less shallow according to the development 
of the eye. It is very rarely that one finds small faceted eyes composed 
of two or three ommatidia. Moreover there is a tendency on the poste¬ 
rior portions of the mantle to produce intermediate forms between the 
faceted and invaginated types. Finally the faceted eyes are only found 
in Area , Pectunculus and probably the ancestral forms of Pecten , while 
all other Molluscs are provided only with the invaginate types. These 
facts render it probable that the latter are the simplest and ancestral 
forms, from which the faceted ones have arisen by an evagination of the 
pits, accompanied by the degeneration of the pigment cells into protec¬ 
tive ones, while the retinidia of the retinophorae have developed in a 
corresponding degree (PI. 32, figs. 132 and 133). The faceted structure 
of these convex eyes is, as we have already said, a necessary result 
of the radial arrangement of the retinidia, upon whose fibrillae it is 
necessary for the rays of light to act at right angles. 

In the shallow grooves on the mantle edge and at the base of the 
siplional tentacle of Lamellibranchiata, as we have already remarked, 
the cuticula forms a continuous layer, the inner surface of which, the 
retinidial cuticula, is filled with a thin stratum of tangential nerve fibres, 
the retia terminalia. In the deeper grooves, or in the less developed 
invaginate eyes, the cuticula is considerably thicker, and its inner layer 
shows a tendency to form, over each cell, a euticular cylinder, or rod, 
containing the terminal fibrillae of the nerves surrounding each cell. 
As the divisions between these euticular cylinders be¬ 
come more and more marked, so also the nerve fibres in 
them assume a more constant relation, giving rise to the 
retinal rods, each of which contains a specialized portion 
of the retia terminalia, the retinidiuin. The corneal cuti- 
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cula remains as a thin, structureless membrane covering the outer 
ends of the rods (PL 32. fig. 132). These organs constitute the simplest 
invaginate eyes, such as are found in Area, Patella etc. An advance 
in the structure of such an eye is made by an increase in the depth of 
the optic cup and in the size of the rctinidia, accompanied by a reduction 
in the size of the opening, or pupil of the eye. What seems to have 
been an incidental result of the deepening of the optic cup was an in¬ 
crease in the thickness of the corneal cuticula, which may be followed 
in its growth in various genera of Gasteropods until, finally, it complete¬ 
ly fills the optic cup. A discussion of the effect which a constant increase 
in the thickness of this refractive substance until it entirely fills the 
cavity of the eye would have upon the rays of light entering the pupil, 
would lead us too far into physiological grounds, for this paper. The 
general result would be, first, to increase the number of direct and re¬ 
flected rays of light falling upon the floor of the optic cup: second, to 
exclude the outer walls more and more from the light, until finally only 
direct rays fall upon the inner wall of the cup. Either a central, or 
external part of the enlarged corneal cuticula, or vitreous body, be¬ 
comes hardened into a rounded, or lenticular body to form the lens. 

According as the inner wall of the optic cup becomes more ex¬ 
posed to rays of light whose direction is more and more fixed and con¬ 
stant, so a corresponding change in the structure of the rods will appear, 
in that they become more sharply and regularly defined, the fibrillae 
of their contained retinidia showing a more perfect cross arrangement, 
and consccpiently being more perfectly at right angles to the rays of 
light. The more complete the arrangement of the retinidial fibrillae. 
just so much greater will be the effect of this uniformity in direction 
upon the euticular substance of the rods supporting the fibres, until. 
finally, the so-called lamination of the rods, due to the 
perfectly radial arrangement of the retinidial fibrillae, 
i s produced. My own observations only extend over those Gastero- 
pod Mollusca [Haliotis and Patella) in which the eye is very imper¬ 
fectly developed. In the higher forms, the observations as yet made 
arc too incomplete to allow a definite conclusion concerning the structure 
of the rods and their origin. According to Hilger, they consist of a 
sheath and core, formed respectively by the pigmented and colorless 
cells. A rod of that composition has no resemblance to any similar 
structure of which we know, and cannot be compared in any way 
with the rods of other Mollusca. I believe that Hilger has formed 
a false conception of the rods in Gasteropods. It seems much more 
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probable, from my own studies and from what I can gather from his, 
that both pigmented and colorless cells form independent rods, and 
that what he has described as a single one is really the product of an 
entire ommatidium; the core and sheath of his rod being due to the 
arrangement of the cells composing the ommatidium. The rod of the 
retinophora, or colorless cell, forms the core of Hilger’s rod, while 
those of the surrounding pigment cells form the sheath. 

Whether there are Gasteropod eyes in which only the retino- 
pliorae bear retinidia, while the pigment cells are modified for 
other purposes, is not known at present. In the Heteropods, however, 
according to Hensex, it looks as though the retinulae were reduced to 
very thin pigmented cells at the outer ends of the retinophorae; the 
latter alone appear to develop rods. 

In the Cephalopods, as we have already pointed out, the retino¬ 
phorae (retinal cells) alone produce double rods, which may be com¬ 
pared directly with the double rods of Area, Pecten , etc. The retinulae 
have become transformed into cells homologous with the ganglionic ones 
of Pecten . In the latter case, the inversion of the rods necessitates 
the absence of pigment in these cells, while in the Cephalopods, where 
the original direction of the rods is retained, no such change is necessary. 

The p seudo-lentic eyes of Area must be regarded as small 
aggregations of ommatidia on a nearly level surface, the retinidial 
cuticula of which has become thickened into a lens-shaped body richly 
supplied with nerve fibrillae,—in fact exactly what would be produced 
by pulling an invaginate eye out flat. One might consider them as in¬ 
cipient invaginate eyes, the retinal cuticula of which has increased in 
thickness more rapidly than the ommateal layer has become invaginate. 


The retina ted type of eyes is confined, as far as we know at 
present, to Pecten. whose retina is characterised by the great develop¬ 
ment of the retinophorae and their rods, and the complete absence 
of pigment from the retinulae. The sensitive layer of the Cephalopod 
eye must be regarded as a retineum in which the retinulae have ceased 
to produce rods, some being modified to form the colorless ganglionic 
cells (»sockel« cells of Grenacher) . The eyes of Cephalopods are 
remarkable on account of their complicated dioptric apparatus, rather 
than for any great specialization of the sensitive layer. 

Before making any comparisons between the retina of Pecten and 
that of Cephalopods, I will attempt to explain my idea of the origin of 
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the eye of Pec ten. An incomplete knowledge of the anatomy and 
development of these eyes has deterred all my predecessors from mak¬ 
ing any attempt to solve this apparently hopeless problem. They have 
contented themselves with the statement that we must look to the de¬ 
velopment for the solution. I thought so too, and after a careful, and. 
I believe, in the main successful study of the development, was much 
disappointed to find that the solution did not appear any easier than 
before. Instead of developing from invaginations, as I had expected 
would be the case, they were formed from knob-like papillae. I left 
the matter for a while, and turned my attention towards other genera 
of Lamcllibranchiata in hopes of finding some clew to the subject. 
After studying the eyes of Area, I came to the conclusion that the 
solution could be found there, if anywhere. Although the following 
explanation may not rest upon sufficient evidence, still, as far as it 
goes, it is good. Development has shown that, in the young Pecten , the 
branchial side of the ophthalmic fold is covered with a number of 
small pigmented pits exactly similar to the invaginated eyes of 
Area. There are also small pigmented papillae consisting of a few 
ommatidia, which in the larvae are exceptionally large and well deve¬ 
loped, but which in the later stages degenerate or disappear. These 
facts indicate that the ophthalmic fold, in the ancestors of the present 
Pecten, was provided with many invaginated eyes, together with in¬ 
numerable, well developed and isolated ommatidia. a condition which 
could best be compared with that in Area of to-day. A most remark¬ 
able agreement is to be found between the paired arrangement of the 
eyes of Pecten and the faceted ones of Area. In neither genera is the 
sequence of the pairs constant; usually two large eyes are separated 
by one or two small ones. We have seen that the largest eyes of Area 
are arranged along a pigmented line ou the summit of the ophthalmic 
fold, and that on the branchial side of this fold were many smaller 
eyes in various stages of development. Now in the larvae of Pecten 
a similar condition prevails. There is a pigment furrow at the base of 
the ophthalmic fold from which the large permanent eyes develop, while 
on the branchial side of the fold are numerous small and transitional 
invaginatc eyes. We may suppose that, in the ancestral Pectens , there 
were many highly developed, invaginate eyes along the pigmented 
furrow. There is in all Mollusca a tendency for such cup-like eyes 
to form closed sacs, but in all cases, except Pecten , the posterior wall 
becomes the most highly developed, and gives rise, finally, to the 
retina. If we suppose that in Pecten the vesicle, formed by the closure 
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of a primitive optic cup, becomes somewhat flattened, then those om- 
matidia on the edge of the vesicle would be turned inward, retaining 
meantime their rods PL 32. lig. 150); those ommatidia on the anterior 
wall, which in such cases are usually short and functionless, would, 
with the folding in of the cup, lose their pigment, so that light could 
still penetrate to the posterior wall of the vesicle. By a continued 
i ngrowth of the ommatidia on the periphery of the outer wall towards 
the centre of the eye, the inverted ommatidia of the anterior wall would 
become expressly adapted to the function of vision, while those on the 
floor of the optic vesicle would gradually become functionless, or modi¬ 
fied in other directions. In the primitive optic cup, the retinophorae 
were probably surrounded, as often happens, by a double circle of pig¬ 
ment cells, an outer and an inner one. After the closing of the cup r this 
arrangement appears to have been partly retained, the outer row of 
ganglionic cells being the product of the modified basal row of retinulae, 
while the inner ganglionic cells are the modified outer ones (PL 32, 
fig. 151). A similar condition must have obtained in the floor of 
the optic cup. which now forms the inner wall of the optic vesicle, 
whose layers, if they are homologous with those of the retina, 
should be in the inverse order. In this case the structureless and 
non-cellular rete-vitrosum would be homologous with the layer 
of rods; a continuation of this comparison would make the argentea, 
composed of flattened and colorless grannies, homologous with the re- 
tinopho rae with which it agrees in the secretion of the hyaline 
layer, and in the presence of the colorless and refractive globules, so 
characteristic of the retinophorae in general. Lastly, the tapetum, 
composed of pigmented cells, would be homologous with the entire 
ganglionic layer; both therefore represent modifications of pigment 
cells, or retinulae. After the closure cf the optic cup, the modifications 
of the surrounding connective tissue necessary to form the lens and 
pseudo-cornea, present no morphological difficulty. The basal mem¬ 
brane of the primitive optic cup would, with the formation of the optic 
vesicle, form the ommateal sac, from the thickening of whose anterior 
and posterior walls would be formed the septum and selerotica, 
both of which arc double layered. 


There is still the greatest difficulty to solve, namely: why is it that 
Pecten and Area are so richly supplied with highly developed eyes, 
when there seems to be no more necessity for them here than in any 
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other Mollusc? The innumerable eyes of Chiton and Onchidinm undoubt¬ 
edly owe their origin to the same laws governing the development of 
the eyes of Area and Pectcn. The material, upon which Semper made 
his observations concerning the eyes of Onchidinm , was undoubtedly 
in a very poor state of preservation, as may be easily seen from the 
figures. The most doubtful of all his statements is, that the inverted 
retinal layer is penetrated by the optic nerve. It is very probable that, 
in Chiton and Onchidinm , the whole surface of the epithelium is filled 
with isolated ommatidia, from which, in the younger specimens, the eyes 
are being constantly formed by the aggregation of ommatidia into 
groups, which subsequently become invaginated. 

The following suggestion, although it does not strike at the root of 
the real difficulties, may possibly direct attention towards a phase of the 
question which has not, heretofore, been considered. For instance, in 
almost every Mollusca I have examined, the epithelium was found to 
consist, together with other elements, of colorless gland-like cells and 
pigmented ones. In certain instances, we notice a tendency of the pig¬ 
ment cells to form a circle around each colorless one, giving rise to om¬ 
matidia irregularly scattered over large areas. Now there 
is, moreover, a tendency for the ommatidia to collect into larger or smaller 
groups: but this tendency acts at one place nearly as well as at another, 
so that innumerable groups of ommatidia will be formed at the same 
time over wide areas. The development of these groups into simple 
grooves and pits, and finally into fully developed eyes, is a very simple 
process, and may easily be observed. But what is the motive power? 
We must necessarily assume, that, up to a certain stage, the formation 
of ommatidia and their collection into groups was of some advantage to 
the animal (see chapter Vj. If, now, we assume that the conditions for 
the growth of these organs were exceptionally favorable, a powerful im¬ 
petus would be given which would carry them to a degree of develop¬ 
ment far exceeding the necessity of the animal. After a time many of 
the organs thus made would degenerate and disappear. This degene¬ 
ration of many young eyes of Pecten , and of the faceted eyes in full 
grown Areas , may be considered as steps towards the reduction in 
number of the numerous eyes thus unnecessarily produced. There is, 
however, still another factor of great importance, which I shall discuss 
more fully in another place, and that is the change of functions under¬ 
gone by the ommatidia. Two well developed eyes are, under most 
circumstances, enough for any animal. But, if it could be shown that 
the eyes originated from organs having other functions, so that an in- 
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crease in their number and perfection would be of corresponding ad¬ 
vantage to the animal, then the presence of a great number of these 
highly developed organs would offer no difficulty. If wc suppose that 
these structures could, by a progressive series of changes, be trans¬ 
formed into rudimentary eyes, the function of one not being lost until 
after that of the other had been acquired, then wc could ac¬ 
count for the presence of an unnecessary number of eyes in any one 
animal. 

As we hope to show more clearly in the last chapter, the so-called 
eyes of Pecten , Area , Qnehidium and Chiton are highly developed 
heliophags, or organs for the absorption of energy from the sunlight. 
The more light concentrated upon the energy-receiving surface, the 
more benefit the animal would derive from the light. An increase in 
the number of these organs would also be a great benefit, provided the 
animals were nocturnal, or lived in dark places. It is, therefore, on 
this supposition, not strange that some animals should have a great 
many such organs in a high stage of development, for every additional 
organ , or every step toward a more perfect structure, would be of a 
corresponding advantage to the animal; we can therefore offer some 
reasonable explanation for the great number of such organs present. 
This, however, would be impossible on the supposition that they were 
mere eyes, for it would be very difficult to offer any explanation of the 
use Area could make of two highly developed eves, to say nothing of 
the 1200 such organs that it possesses! The same reasoning would apply 
to Pecten , with from 60—100 highly developed eyes, and Onchidium 
or Chiton with several thousand eyes each. But if it is impossible to 
offer any plausible suggestion as to the present function of these eyes, 
how is it possible to account for their first appearance, and for the in¬ 
numerable intermediate stages through which they must necessarily have 
passed before reaching their present condition? These difficulties are 
obviated by supposing that they were, or arc, heliophags; we can then 
account for their great number and high development according to the 
theory of natural selection. But we know from experiment, that Area 
can see — in the ordinary sense — that is, even a very small object will 
cause muscular contraction. A lieliophag absorbs light energy, and 
therefore the most perfect forms have lenses or refractive bodies for 
concentrating the light, or are constructed in the most advantageous 
way for its reception; but these are just the conditions that an eye has 
to fulfil, so that the most perfect lieliophag could at the same 
time be an eye. Heliophags, like those of Area and Avieula , receive 
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a constant stream of energy, but if this stream is broken by the inter¬ 
vention of any object, a special irritation will be produced giving rise to 
muscular contractions. The heliophags of Area are so perfectly con¬ 
structed and so sensitive, that the slightest change in the light received 
causes an irritation sufficient to produce strong muscular contractions; 
it is, therefore, a keliophag of a high stage of development, and 
might very properly be called an eye. 

If the heliophag became so sensitive that the slightest changes in 
the amount of light caused muscular contractions, we would have the 
first steps towards the formation of an eye. If, by association, and by 
the high development of the heliophag, certain light combinations i. e. 
images of certain objects, caused contraction, and others, equally in¬ 
tense, not, then the heliophag would have all the essential character¬ 
istics of an eye, but would not necessarily have lost its primitive func¬ 
tion of absorbing energy. 

The so-called eyes of Pecten , Area, Chiton , and Oncliidium repre¬ 
sent various stages of transition from heliophags to true eyes, but in all 
probability with their primitive functions still unimpaired. 

/ 

Nerve Endings. 

In order to comprehend more fully the nature of the nerve endings 
in the retinal layer, it is necessary to study the similar process on the 
unmodified epithelium. Sections show that in the Mollusca indifferent 
epithelial cells are usually very high and narrow, being constricted in 
the middle, and ending at the base in several root-like fibres attached 
to the basal membrane. In certain regions, notably on the ophthalmic 
fold, the cells are deeply pigmented at the outer ends; they are covered 
by a cuticula varying in thickness, and divisible into two layers, a thin, 
refractive outer, and an inner one passing insensibly into the outer ends 
of the cells. When these cells have been successfully isolated, one 
may see, in nearly all, several nerve fibres extending along the wall of 
the cells towards their outer ends. These fibres generally cling quite 
firmly to the sides of the cell, but examples may be found in which they 
have been separated from the whole length of the wall , remaining attached 
only at the outer extremity (PI. 30, figs. 50 and 53). I have seen cases 
in which, to one cell, as many as five or six such fibres, several times as 
long as the cell, were attached. In sections of the mantle edge pre¬ 
served either in chromic acid, or picro-chromic osmic acid (Fol) and 
mounted in acetate of potash, a perfect network of fibrillae, the general 
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trend of which is parallel to the surface, maybe seen beneath, or in the 
inner layer of the cuticula. This nervous network, the rete terminate, 
seems to be present in greater or less perfection throughout the whole 
hypodermis of the mantle edge, but is especially well developed either 
near the eyes or in the pigmented portions. In some cases, large and un¬ 
branching nerve fibres pass directly to the outer cuticular layer, where 
they seem to terminate in one or more minute, stiff, sense hairs (PI. 30, 
fig. 64 n.f. and PI. 32, fig. 153 d). These larger nerve fibres expand, a 
short distance below' the basal membrane, into small bipolar vesicles 
containing a nucleus. These structures are young ganglionic cells formed 
by the elongation of the slender sense hair cells in the following manner: 
the nucleated basal expansion wanders into the underlying tissue, while 
the external end becomes reduced a fibre, still extending to the outer 
surface of the epithelium, and terminating in one or more sense 
hairs. The outer end of the fibre then gives rise to minute cross fibril— 
lae, which either adhere to the wall of the neighboring sense cell, or 
unite with similar fibrillae from older nerve fibres; lastly, the tuft of 
sense hairs disappears, and the conversion of the sense cell into a bi¬ 
polar ganglionic one is complete (fig. 153 e and/). Subsequently the 
body of the bipolar cell gives rise to numerous secondary fibres which 
unite with those from other cells, and so convert the bipolar cell into a 
multipolar one, whose primitive outer end still retains its original po¬ 
sition between the epithelial cells, and extends into the cuticular layer. 
This process of nerve formation may occur at any part of the mantle edge, 
and is not confined to the larval stage, but takes place also in the nearly 
full grown individual. Here then is the explanation of the uni¬ 
versal intercellular nerve endings in the Mollusca, and un¬ 
less degeneration of the outer ends of the nerves has taken 
place, they should always extend into the cuticula. In no 
case do nerves from the central nervous system unite di¬ 
rectly with the sense cells of the epidermis. All the nerve- 
ends in the hypodermis mark approximately the places where 
ganglionic cells originated. The latter alone are directly 
united on the one hand with the hypodermis, and on the other 
with the central nervous system. These facts must give a certain 
bias to all our suppositions concerning nerve endings in the hypoder¬ 
mis, for it is evident that, unless great secondary changes have taken 
place, the nerves must terminate between the cells, and pro¬ 
bably extend to their very outer ends; while, if we suppose that the 
nerves from the central nervous system grow towards the ectoderm 
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and there unite with the cells, there is a possibility of a greater 
variety of nerve endings, which we must always bear in 
mind in making any supposition. 

There are numerous sense cells in the skin of the Mollusca, which 
apparently terminate in a single fibre, which certainly does not ex¬ 
tend along the walls of the cells. The latter pass so gradually into 
these fibres that it is impossible to determine the limits of either. This, 
then, appears to be an exception to the intercellular method of nerve 
endings. Does the nerve fibre stand in direct communication with the 
central nerve system? I think not. It seems to me that we have exactly 
the same condition here as has been described by Hertwig for the 
Coelenterates; that is, there are. two classes of cells in the Mollusca, 
constituting the greater part of the hypodermis; the myo-epithelial, 
and the neuro-epithelial cells. The former consist of the ordinary 
epithelial cells, ending in radiating, root-like fibres, the union of 
which gives rise to the basal membrane, which is probably 
homologous with the sub-epithelial layer of myo-epithelial 
fibres of the Coelenterates. The sense hair cells, which 
terminate in a single fibre, would the n be homologous with 
the neuro-epithelial cells of the Coelenterates. The in¬ 
ward prolongations of the sense cells in the Mollusca are 
not then nerve fibres, arising either from the nervous sy¬ 
stem, or from peripheral ganglionic cells, but are simply 
nervous prolongations of the sense cells themselves and 
are probably united as their inner ends with a contractile 
one which originated near the sense cell, and which during 
its inward growth has drawn the nervous fibre of the latter 
after it. The sense cells are provided with inter-cellular nerve fibres, 
in the same manner as the ordinary epithelial cells. 

The central nervous system is simply a large group of ganglionic 
cells, which originally arose in the same manner as the peripheral 
ganglionic cells do now; the invagination of the whole surface of the 
hypodermis to form a nervous system is a secondary process. The union 
of the central nervous system with the ganglia of remote sense organs 
takes place in exactly the same manner as the various ganglionic cells 
of a single sense organ became united with each other. The conversion 
of ordinary hypodermic cells into ganglionic ones could not be better 
illustrated than by the cells of the outer ganglionic layer in the eye of 
Pecten (PI. 29, fig. 33). 

Therefore in the origin of any sense organ from a group of hypo- 
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dermic cells, the increase in number of nervous cells arising from that 
point goes hand in hand with the increasing sensitiveness of the organ, 
and finally gives rise to a subjacent layer of ganglionic cells united on 
the one hand with the central nervous system, and on the other with the 
sensitive cells, between which the ganglionic ones have arisen. 
The only difference between the so-called sense cells and the ganglionic 
ones is that the former retain to a greater degree their power of receiv¬ 
ing stimuli directly from the stimulating agents, while the latter, 
with increased sensibility, receive only those stimuli which have 
acted upon the former, and conduct them to the central nervous system. 
We should, therefore, expect to find, and do find even in highly devel¬ 
oped sense organs, many transitional stages between sensory, and 
ganglionic cells. 

In the ontogenetic development of the higher sense organs, we no 
more find a repetition of the phylogenetic process, than is found in the 
central nervous system. There is an invagination, or thickening, 
of the place in question, with a separation »en masse« of the ganglionic 
and sense cells, and a subsequent outgrowth from the nervous centre to 
join the sense ganglion. These two processes, the separation of the 
ganglionic cells and their union with the central nervous system, are 
easily studied in those organs which are widely separated from the 
latter. But when the two structures originate from the same 
place, as in the eyes and brains of Arthropods, the origin of the brain 
and the optic ganglion, and their union with each other, may, ontogene- 
tically, form a single process. The united ganglionic cells, which have 
arisen with the sense cells, form the optic ganglion ^Cephalopods, 
Worms, and Arthropods . The optic ganglion may be united with 
the eye by a primary, ganglionic optic nerve, and with the 
brain by a secondary optic nerve, or outgrowth of the central 
nervous system. But, if the eye and brain are closely united, then the 
optic ganglion will fuse with the latter, and the secondary optic nerve 
disappear. 

Chapter IV. General Remarks upon the Arthropods. 

Our studies have shown that the eyes of Arthropods, like those of 
Molluscs, consist of ommatidia, the structure of which is dependent 
upon the shape of the eye. 

The compound Arthropod eye consists of a double layer of cells ; 
the ommateum , and the corneal hypodermis; the latter has been 
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invariably overlooked by Grenacher; the ease with which it may be 
demonstrated in such different genera of both Insects and Crustacea 
as Mantis , Masca, Penaeus , Orchestic /, Branchipus , Galathea , Pagurus 
and Palaemon renders it highly probable, even if not beyond all doubt, 
that it occurs in all faceted eyes. Wherever the corneal hypodermis 
is present, the corresponding configuration of its cells and of the corneal 
facets, or when these are absent the corneal markings, prove that 
to this layer the corneal cuticula owes its origin. In the absence of 
positive evidence, it would be unreasonable to suppose that in other 
compound eyes the cornea was due to a different source. We are there¬ 
fore compelled to admit that the corneal hypodermis is univers¬ 
ally present in the compound Arthropod eye, and always 
gives rise to the corneal facets. It is probable that the corneal 
cells may in some cases be regarded as more than simple constructive 
elements; their radiating fibres and their general shape in Galathea 
render it almost certain that they play a physiological part in re¬ 
gulating the amount of light, and therefore acting as a sort of i ris. 

The general structure of the ommatidia remains about the same 
as in the Mollusca; there is a tendency, however, towards an increase 
in the number of r etinophorae, which reach four, or very rarely five, 
in the compound eye, while in certain aberrant forms, as Limulus , 
they may increase to as many as 8 or 10. 

In the Mollusca, we have seen that a natural result of the evaginate, 
convex arrangement of the ommatidia is an expansion of the outer ends 
of the latter, and a reduction of the retinulae to protective purposes. 
An exactly similar series of changes follows the evagination of the 
Arthropod eye. The retinophorae of each ommatidium have increased 
to four equivalent cells, showing no trace of the subordination of 
one, accompanied by the predominance of others, as is the case in 
Mollusca. The terminal, cuticular secretions, or rods, by a 
series of changes to be shortly enumerated, have been 
transferred to the axial faces of the outer ends of the reti¬ 
nophorae; they there unite to form the crystalline cones, to 
accommodate which the outer ends of the retinophorae are 
enlarged into a cup-like expansion, the calyx, while their 
inner ends are reduced to a slender tube, or style, serving at 
once as a support for the calyx, and as a protective canal for 
the axial nerve. 

The compound eye of Area is extremely valuable for comparison 
with that of Arthropods: firstly, because it is very simple, and may be 
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traced back to an invaginate eye in which the retinulae also played 
primary roles: it is therefore easy to determine what conditions are 
essential, and what are the results of a simple modification in form; 
secondly, by a comparison of the Molluscan and Arthropod compound 
eye, between which there is not the slightest genetic relationship, 
we may possibly arrive at some conclusion as to what elements of 
the Arthropod eye are essential, and what secondary to vision; or in 
other words, what characters may be regarded as morphological, and 
what analogous. 

A primitive ommatidium may be regarded as a colorless (single? 
or compound) cell, provided with a terminal rod and an underlying 
reflective part, and surrounded by a circle of pigment cells. When 
the colorless cell, or retinophora, of an evaginate eye assumes 
a more important part, the pigment cells become modified into 
circles, one surrounding the rod, and another the reflective part; e. g. 
Area . An analogous condition prevails in Arthropods, where the 
retinulae are modified into two principal circles; an outer one of 
comparatively light-colored cells, surrounding the calyx, and an inner 
row surrounding the reflective part, or pedicel; other pigment cells 
may be present, but they show a less constant and uniform arrangement. 

A layer of irregular cells is quite widely present in the compound 
Arthropod eye, around the bases of the ommatidia, just above the basal 
membrane. They contain little or no pigment, but are often filled with 
highly refractive crystals, milk-white in reflected, } r ellowish or colorless 
in transmitted, light; they are often so refractive that when seen in the 
latter manner they may appear nearly black. The outer row of retin¬ 
ulae may be divided into secondary circles, of which the very outer 
one often contains crystals similar to those over the basal membrane 
(Penaeus). The middle row of retinulae, the retinulae of Grenachek, 
are most constant in number and shape, seven being usually present; 
four, and less often six, cells surround the calyx. 

The style of the retinophorae consists of a structureless tube which 
towards its inner end often breaks up into numerous, striated, refractive 
plates, the striae running at right angles with each other in alternating 
plates of different refrangibility. The faces of the plates are never pa¬ 
rallel with each other. The frequent absence of the pedicels in 
those Arthropods that can see well, together with the absence 
of nerve fibrillae, indicates that they are not essential struc¬ 
tures. It appears that the pedicel is more frequent in nocturnal, than 
in diurnal, Insects. I must confess that I am very loath to make any 
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statement about the style and pedicel, except that they are not concerned 
directly with vision; but the facts enumerated point in a certain direction, 
and, in the absence of any proof to the contrary, we must not hesitate 
to point out what that direction is, knowing* perfectly well that the 
evidence is likely to turn in this, or that direction, with the accession 
of new facts. 

The facts then to be considered are the following: (l)in the Molluscs, 
one finds in the retinophorae, beneath the rods, a reflecting surface 
composed of refractive granules; (2) in the compound eye of Area, the 
reflective granules are surrounded by a special circle of retinulae; (3) in 
the absence of the grannies, a special reflecting membrane, the argentea, 
is developed, serving the same purpose ( Pecten ); (4) behind the latter is 
a layer of red pigment, the light from which may pass through the 
argentea to the rods; (5) the argentea consists of colorless, refractive 
plates, the angles of whose faces are so arranged as to cause the reflec¬ 
tion of incident, and interference of transmitted light. If now we 
consider, for the sake of argument, that the pedicel is a reflector, we 
have the following points of comparison with similar structures in the 
Mollusca: (1) A continuous argentea being absent we have instead, at 
the base of each retinophora, a collection of refractive plates, whose 
structure renders it highly probable that they have the same optical 
properties as those of the argentea in Pecten and Cardium ; (2) the 
plates are formed by the retinophorae under the rods, as in Area , and 
not by the retinulae; (3) they are surrounded by a special circle of 
retinulae, as in Area ; (4) in the absence of a red tapetum, the coloring 
matter is lodged in the plates themselves; they therefore possess the 
combined functions of argentea and tapetum; (5) the red light from the 
plates passes through the styles to the crystalline cones, as is shown 
by examining with the naked eye the red light issuing from the eyes 
of nocturnal Lepidoptera, in which the pedicels and their red color is 
specially developed. 

The argentea is to intensify the effect of the light, and is there¬ 
fore best developed in those eyes where it is necessary to obtain a 
great quantity of light, or in nocturnal, or deep sea animals,which need 
to economize the light. The presence of the pedicels in nocturnal 
Lepidoptera indicates a similar function. 

The most characteristic thing about the Arthropod eye is its con¬ 
vexity , which has its advantages in an economic arrangement of the 
peripheral ends of the retinophorae. This arrangement is favored by 
the hard, chitinous skeleton of the eye, affording a protection for the 
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otherwise exposed soft parts. The ominateal layer, although di¬ 
vided with great distinctness into several zones, consists 
(excluding nerve fibres) in the strongest sense of the word 
of a single layer, since each cell extends from the basal 
membrane to the corneal cells. The great thickness of the om- 
mateal layer is probably due to the additional strength and firmness 
thus obtained. The bacilli may be regarded as supports for the 
pigment cells, and the style, as a similar modification of the retino- 
pliorae, whose bacilli have fused to form a hollow tube for the protec¬ 
tion of the axial nerve. 

If we were asked to arrange a fiat layer of cells in the most 
economic manner, of course with certain limitations, and without 
changing the size of the outer ends of the cells, we should have to 
arrange them in a hemispherical mass, the inner ends being reduced 
in size to fibres. The problem has been solved in the same manner 
by the Arthropod eye. The greater the number of ommatidia, 
the greater is the curvature of the surface and the depth of 
the layer. 

It cannot be said that Grenacher, or any of his predecessors, per¬ 
haps with the exeption of Sciiultze who has represented the fibrous 
markings on the style and calyx, have succeeded in demonstrating 
anything like nerve endings in the Arthropod eye. To assume, having 
seen nerve bundles penetrate the basal membrane, that they terminate 
in this or that place, is a pure supposition and of absolutely no value, 
until one at least is able to draw some reasonable comparison between 
the presumable nerve end cells and those in the retina of some other 
group, where it is known what the sensitive cells really are. That both 
these criteria have been wanting in the Arthropods is well known. My 
observations have shown that it is only in the most simple forms of 
ommatidia that the rctinulae produce rods. In all other cases they are 
the product of the colorless cells or retinophorae. In Arthropods it 
is the same: the colorless cells with their various parts are 
the essential elements, the pigment cells, or retinulae of 
Grexacher, having nothing to do with the formation of the 
so-called rhabdom. One might discuss the subject, and offer ob¬ 
jections to Grenacher’s theory, indefinitely, and never come to any 
more decisive conclusion. Grenacher’s whole work hinges upon 
the supposition that the rhabdoms are secreted by the retinulae which, 
according to him, form a layer of cells, distinct from those of the crys¬ 
talline cones. I believe we have proved that the inward eon- 
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tinuations of the crystalline cone cells constitute the »rhab- 
domsff. in whose formation the retinulae take no part what¬ 
ever. If this observation alone is correct, the entire results 
of Grenacher’s work must fall to the grou 11 cl. 

If the retinulae are not the essential elements, what then are? 
They are the crystalline cone cells, which, morphologically, 
must be the essential elements, when compared with those 
in the Mo 11 use a and simple eyes of Arthropods. But besides 
the morphological necessity for considering them as the 
essential elements, we have, in addition, a physiological 
one, since we have provedthat in them the nerves terminate, 
forming that system of cross fibrillae, so characteristic of 
the Molluscan rods, called a retinidium. There is a third 
reason for considering the crystalline cone cells as essen¬ 
tial elements. for upon their retinidia there is a constant 
effort to throw the greatest amount of light, often in the 
form of a perfect image. The structure of the retinidium coincides 
with that of the Mollusca, in that it consists of successive layers of cross 
fibrillae, radiating from one or more axial fibres, and uniting with 
nerves on the outer wall of the calyx. The fibrillae of the retinidium 
may be supported, as in the rods of Molluscs, in a firm chitinous 
secretion, the crystalline cone; or the secretion may be fluid, or so in- 
consistant as to be destroyed or dissolved by reagents, as in Mantis and 
Musca, The facts we have enumerated furnish us with entirely new 
data for comparison, and without further consideration for the present 
of Grexacher’s views, we will see in what direction they lead us. 

It is, of course, no longer possible to compare the vitreous cells 
of the simple eyes with the crystalline cone cells, or retinophorae, of 
the compound eye. The undoubted homologue of the vitreous 
cells, however, is to be found in the corneal hypodermis of 
the compound eyes: the position and function of both layers 
point to this conclusion. There is no course open except to 
compare the two remaining layers with each other. Let us take. for 
instance, one of the lateral eyes of Scorpio , and it will be found, 
according to Graber and Laxkester, that the o inmate urn consists of 
ommatidia each one composed of five central, colorless cells, or 
retinophorae. bearing on their axial faces a cuticular secretion, or 
rod. The retinophorae are surrounded by two or three circles of pig¬ 
ment cells, or retinulae. Here then the colorless cells secrete the rods, 
while the pigment cells play only secondary parts. It is exactly the 
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same in the compound eye; the axial faces of the colorless cells secrete 
rods which fuse to form a»rhabdom<r, the crystalline cone. In some 
of the simple eyes of Spiders, exactly the same condition prevails, except 
that the retinophorae are double like those of Molluscs, instead of five¬ 
fold like those of Scorpions. This comparison will be made much 
clearer by referring to the diagrammatic figures on PI. 32, 

Although there appears to be no doubt about the homologies of the 
compound eyes in Insects and Crustacea, the most difficult problem has 
not been solved, and that is the relation of the compound eyes to the 
stemma, and the ocelli of the Myriapods and Spiders. First let us 
consider the structure of the median, and lateral eyes of Myriapods and 
Spiders. The question here is, are the lateral eyes double layered like 
the median ones? Opinions, unfortunately, seem to differ on this point. 
I believe that both are double layered, and hence morphologically 
identical organs. If it can be proved in a single instance that, in the 
lateral eyes of Spiders, or in any of the ocelli of the Myriapods, such 
as Lithobius or Jiilus , a vitreous layer is present, giving rise to the 

i cuticular lens, it is highly probable in the absence of positive evidence 
to the contrary, that it is always present. We need go no farther than 
Grenacher's (59) own paper to find this evidence; any one must be ho¬ 
pelessly prejudiced not to see that, in PI. 20, figs. 2, 3, 4, 5 and 9 of his 
paper, a nucleated layer must exist between the retina and the lens. 

I But if the corneal lens is formed by a distinct hypodermic layer in one 
instance, how are we to explain the formation of a lens in the very 

I same, or nearly related, animals without the hypodermis ? The simplest 
and only advisable course is to suppose that it likewise exists in the 
other forms, but has been overlooked. That such errors of observation 
are to be expected, will be evident by recalling the conspicuous ele¬ 
ments, i. e. the bacilli and the corneal hypodermis, which have 
escaped notice in the compound Arthropod eye, where the difficulties of 
observation are far less than in the simple ones. Moreover we have the 
assurance of Graber that all ocelli possess a vitreous layer. In spite 
of the torrents of abuse that Grenacher has showered upon Graber 
for his discovery and mi sinterpr etation of a few extra nuclei in the 
retina of Myriapods, Spiders and Scorpions, it is tolerably certain, that 
if Graber lias made some unfortunate interpretations, he has also 
made several accurate and valuable observations concerning structures 
which have entirely escaped Grenacher. A person who admits that 
his observations are full of gaps and errors, and who invites criticism 
with the assurance that it will be thankfully received, should, it 
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seems to me, treat those kind enough to respond to the call, with con¬ 
sideration, for persons treated otherwise arc liable to take offence, and 
may find more mistakes than was anticipated. 

There seems to be very little to choose between the »fluchtige 
vStreifziige« ofGRABER, and the aeingehenderen und genaueren 
Studien« of Grenacher. The former has helped out his observations 
with too much theory, the latter has helped his theory with too 
little observation. Now since the doctors disagree, it is only left us 
to choose our own course, picking out, when possible, those facts 
which seem to point in the right direction. Therefore, in the absence 
of all positive evidence to the contrary, and possessing a few facts in 
the affirmative, we will conclude for the present that all the 
ocelli of Myriapods and Spiders possess a vitreous layer. But 
the ocelli of Hexapods are undoubtedly homologous with the simple 
ocelli of Myriapods and Spiders, therefore, they likewise must possess 
a vitreous layer. Here, also, we have confirmatory evidence, since 
Grenacher and Ciaccio have figured the ocelli of Mu sea, and Carri- 
ere, of Polistes gallica, with a vitreous layer which we may assume is 
always present. 

But what is the relation between the compound and simple eyes? 
The evidence and the probability is very strongly in favor of the sup¬ 
position that all ocelli and compound eyes are dipoblastic; the vitre¬ 
ous layer of one, being homologous with the corneal hypo- 
dermis of the other. The compound eye must have originated in 
one of two ways; (1) by the fusion of many ocelli, or (2) by the modi¬ 
fication of a single ocellus. 

Let us first form some idea of what the primitive Arthropod eye 
was like, that we may see in what direction subsequent modification 
tended to lead it. It is very probable that the ancestral Arthropods, 
like many Annelids of today, were provided with numerous invaginate 
eyes situated upon both sides of the head. By the deepening of the cup 
and ingrowth of the lips, a closed optic vesicle was formed; the entire 
organ consisted of three layers 1 (PI. 32, fig. 141); (1) the thick inner 
wall of the optic vesicle, the retineum; (2) the outer wall, or 
vitreous layer, secreting the vitreous body; (3) the corneal hy¬ 
po dermis, producing the corneal lens, when one was present. 

The central eyes of Scorpio (Lankester, PI. 32, fig. 145) and those 


1 We shall not consider the connective tissue fibres which may intervene be¬ 
tween the corneal hypoderrais and vitreous layer, as a distinct layer. 
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of certain Spiders (Guenacuek) seem to be formed of three layers; the 
middle fibrous one probably represents the outer wall of an optic vesicle 
together with the connective tissue layer. In Peripatus all four layers 
are present (PI. 32, fig. 142). In these primitive eyes, it is probable 
that the retinulae were reduced to cover cells, while the retinophorae 
alone gave rise to the rods. Judging from the structure of the cells and 
rods as seen in the simplest larval ocelli, i. e. Phryganea , it is prob¬ 
able that the retinophorae were very similar to those of the Mollusca 
and Worms ^Alciopidac), i. e. composed of double cells and double rods 
PI. 32. fig. 141); from such a simple retina, or retineum, the more mod¬ 
ified Arthropod ocelli have originated. The modification was in 
two directions: (1) an increase in the number of optic ves¬ 
icles, accompanied by a reduction in the number of omma¬ 
tidia, which at the same time acquired additional size and 
complexity; and (2), a decrease in the number of vesicles, ac¬ 
companied by an increase in the number and complexity of 
the ommatidia. That the optic vesicles may vary in number is suffi¬ 
ciently shown by the Mollusca and Worms. Changes in the number 
of eyes are always accompanied by variations in structure. 
The lateral ocelli of Limulus may be regarded as optic ves¬ 
icles whose inner wall has been reduced to an ommateum 
containing but one ommatidium. A comparison with an ommati- 
dium of the ancestral eye will show how far the specialization has been 
carried: one sees that the retinophorae of each ommatidium have been 
increased to 10 in number, while upon their axial faces are formed the 
rods. The changes, then, undergone by the lateral eyes of Limulus 
were an increase in the number of ocelli, with a conversion of the an¬ 
cestral retineum into an ommateum, the rods being transferred 
from the apices of the retinophorae to their axial faces. The number 
of ommatidia was then reduced to one, while their retinophorae were 
increased from two, to ten. In the central eye, the reduction in the 
number of ommatidia has not proceeded so far, there being about 20 
according to Lankester); neither, as we should expect, is the spec¬ 
ialization of the individual ommatidium so great, since each one pos¬ 
sesses only six or seven retinophorae. 

If we seek for some other form, in which the series of changes 
supposed to have been undergone by Limulus has been less extensive, 
we shall find it in the Scorpions. Here, the lateral eyes have increased 
but little in number, while there is a correspondingly small decrease in 
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the number and specialization of the ommatidia. The central eyes 1 
only differ from the lateral ones in the larger number of ommatidia, and 
in the greater development of the vitreous layer; in both, the retino- 
phorae of each ommatidium are only increased to five in number. Both 
Limidm and Scorjrio must be regarded as diverging in the same direc¬ 
tion from the ancestral form. Limnlus being the more remote. 

The Myriapods are characterised by the small number and uni¬ 
formity of their ocelli. They in this respect approach more nearly the 
ancestral form. It is in no way clear what the structure of the omma¬ 
tidia in the Myriapods, is. Graders observations are not complete 
enough, while Grenacher seems to have been more intent upon making 
pretty drawings, than upon elucidating the actual structure of the retina. 
The observations of both authors are so widely different that it is diffi¬ 
cult to select what seems to be the most probable. It would be of great 
value, in determining the relative position of the Myriapod eye, to show 
whether the rods are terminal, that is forming a retinenm, or axial, 
forming an ommatcum similar to those of Scorpions and Spiders. 
If the former should prove true, as seems probable, then the eyes of 
Myriapods would be the most nearly related to the presumed, ancestral 
form. Whether the lateral, horizontal rods are normal is not certain: it 
might be supposed that they were really situated on the floor, and as¬ 
sume their horizontal position by a lateral collapse of the vesicle, caused 
in some way by the reagents; or it is possible that they are not rods 
at all, but simple stratifications of the vitreous body. 

The comparatively small number of eyes in Spiders indicate that 
they have in that respect not departed very much from the ancestral 
form. But the most interesting fact connected with them is the differ¬ 
entiation of the ommatidia in the anterior and posterior ocelli. In all 
the ocelli, here, as in Myriapods, there is an undoubted vitreous layer 
present. In many anterior ocelli the rods are apical, that is, retain 
their primitive, terminal position, forming a retineum. In the larger, 
posterior eyes, there is a tendency for the rods to become axial, form¬ 
ing an ommateum. That this type of retina has not departed far from 
the original condition, is shown by the primitive double rods, and con¬ 
sequently, the double retinophorae. The manner in which a double. 


1 Of course it must be recollected that both Lankester and Grenacher 
den} r the existence of a vitreous layer in the lateral eyes of Scorpions and Limulus , 
while Graber states that in the former such a layer is present; for theoretical 
reasons I am obliged to assume that this layer is always present. 
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apical rod like that of Pecten, Area , or Phryganca , may be transformed 
into an axial cone, like that of the posterior eye of Spiders, is shown 
in the diagram (PI. 32. tigs. 132—138). 

In the simpler eyes, where the retincum still exists, the retino- 
pliorae seem to be formed of double cells; only one nucleus is well 
developed, the other is probably reduced in size and distinctness, as 
in Molluscs and in Worms. With the development of axial rods in 
Spiders, one or two) nucleus maybe found at the outer end of the cells, 
above the rod, as in the compound eye: in other cases it seems to be 
below. In spite of the interesting modification of the ommatidia in the 
anterior and posterior ocelli, there can be no doubt that they represent 
different phases of morphologically identical structures; the posterior 
eyes being simply a higher modification of the anterior ones. 

In the Hexapoda, we have the most difficult question to deal 
with; the divergence of structure in the two kinds of eyes is so great 
that doubt arises as to their morphological identity. The compound eyes 
whether formed by one modified ocellus, or by the fusion of many, 
have progressed wonderfully in structure and functional powers. The 
simple eyes, however, have remained nearly the same; and the presence 
of a vitreous layer, and of the terminal rods, shows at once their identity 
with the anterior ocelli of Spiders, and their very slight departure from 
the ancestral form. But what are the compound eyes? A group of 
united ocelli, or a modification of a single ocellus? Three classes of 
facts must be considered in answering the first of these questions: (1) are 
there any existing stages of such a fusion to be found in the possible, 
existing ancestors of the Insecta? (2) are there any traces in the 
perfected eye itself of any ancestral fusion? (3) does embryology 
give any evidence on this point? On the other hand, the same in¬ 
quiries may be made concerning a supposed progressive modification 
of a single ocellus into a compound eye. These two suppositions seem 
to be the only permissible ones. 

First, then: are there any existing stages in the ancestors of the 
Insects, showing a tendency for the ocelli to fuse into compound eyes ? 
First let us decide upon the possible ancestral forms. There are Limu- 
lus , Scorpions, Myriapods and Spiders. The first two may be excluded, 
since we have shown that they diverge from the ancestral forms in a 
direction diametrically opposite to that of other Arthropods. There are 
then remaining Myriapods and Spiders as possible ancestors of the 
Insecta. 

What, now, would be the indications that a fusion of the ocelli, to 
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form a compound eye like tliat of Insecta, was taking place? We should 
expect an increase in the number of ocelli, accompanied by a reduction 
of each retineum to a single ommatidium with axial rods. There 
does not appear to be any evidence of this kind in either of these 
groups. The ocelli are not numerous; they remain perfectly distinct, 
each one surrounded by its basal membrane, and provided with a 
single optic nerve; the retineum shows no traces of reduction to a 
single ommatidium; and the rods are apical. In Spiders there is much 
less evidence of such changes than in Myriapods. In the latter group, 
Scutigera promises to give a solution to this problem. Whether its 
systematic position is beyond doubt, remains to be seen. The obser¬ 
vations of Grenachek alone are too uncertain to decide the question, 
and besides it would be exactly as difficult to suppose, with our pre¬ 
sent knowledge of the subject, that the eye of Scutigera was formed 
by the union of many ocelli, as by the modification of a single one. 
Therefore, in spite of the interest that must centre upon a more accurate 
knowledge of its structure, we must leave it for the present, and be 
satisfied with more definite evidence. 

2) Is there any evidence in the compound eye itself, that it was 
formed by the fusion of ocelli ? If such had been the case, we should 
expect to find around each ommatidium some trace of the connective 
tissue capsule which formerly surrounded the ocellus. In some of the 
simpler compound eyes, where we may suppose that the modifications 
of the ocelli have been less extensive, we should surely expect to find 
some indication of this membranous capsule, a structure which, by its 
almost universal presence in the isolated eyes, could not be so quickly 
disposed of in the aggregate condition. Around each ommatidium 
there is. however, not the slightest trace of any capsule 
arising from the basal membrane, nor is there any infolding 
of the same, which might be interpreted as a remnant of the 
basal membrane belonging to a primitive ocellus! But even 
if we suppose that such infoldings once existed and have now disap¬ 
peared, we surely ought to find some trace of the original arrange¬ 
ment of the ommatidial cells in isolated groups. The circular arrange¬ 
ment of the retinulae around the retinophorae is a very ancient 
one; and, as we have seen, the position of the cell-ends upon the 
basal membrane is very constant, and furnishes a valuable key to the 
relation of the circles of retinulae to the retinophorae. If, then, each 
ommatidium is to be regarded as the remnant of an ocellus, the position 
of the cell-ends, which furnish us with the safest evidence, should show 
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some traces of their primitive arrangement upon restricted areas of the 
compound basal membrane. But our studies upon the basal membrane 
of 1* emeus have shown just the opposite of what we should expect, 
provided the supposition was correct, for we have proved that the 
inner ends of cells belonging to neighboring ommatidia, 
instead of forming isolated groups, intermingle with each 
other in such a way that, unless one followed the cells from 
each ommatidium inward, it would be impossible to say 
whether they belonged to the same, or different omma¬ 
tidia! We have, moreover, seen that in the Spiders and Myriapods 
each ocellus receives a special nerve branch. Now if each ommatidium 
represents an ocellus, it should also receive a single nerve branch, 
going to its cells alone. Rut this is not the case, for I have shown that 
in Penaens , although the number of nerve bundles is equal to the num¬ 
ber of ommatidia, each nerve bundle breaks up into se¬ 
veral smaller ones going to four different ommatidia! 

As far as the third question goes — Does Embryology show any 
evidence of fusion? we are not in possession of any very important 
evidence. Neither my own observations, which in this direction have 
been very scanty, nor those of others, have shown any indications that 
the compound eye was formed by the fusion of ocelli. 

We have now to ask the same question concerning the progressive 
development of a single ocellus into the compound eye, and then, by 
weighing the evidence for. or against each supposition, we may be 
able to arrive at some conclusion. 

Do we find any evidence in the ancestors of the Insecta of trans¬ 
itional stages between a simple and a compound eye? In Myriapods the 
answer is short: all eyes are alike, and are the simplest form of simple 
eyes. In Spiders, the anterior ocelli retain their primitive, undifferentiat¬ 
ed condition, and the percipient elements form a retineum; but in the 
posterior eyes the ommatidia have undergone a series of changes to¬ 
wards a higher form. But what are the changes necessary to convert a 
primitive ocellus into a compound eye? In order to simplify matters, 
let us first determine what the simplest condition of the compound eye 
is. The presence of the corneal facets in certain higher forms, only, of 
Insects and Crustacea indicates that they are of late origin; moreover 
the presence of a thick corneal hypodermis, and the absence of corneal 
facets in such animals as Branchipus , the Isopods, Amphipods and many 
Insects, show this condition to be a primitive one. The retinophorae 
are usually four in number, but we have seen in Penaeus and Galathea 
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that one of the planes of division is more distinct than the others, and 
that the inner ends of the cells show traces of a paired arrangement 
We interpret these facts as indicating that the present, quadruple 
retinophorae were originally double; and in fact we do find 
certain Crustacea, the Amphipods and Isopods, in which the paired 
arrangement is a permanent condition. The majority of these simpler 
eyes form flattened, or slightly protuberant, surfaces containing but few 
ommatidia. An eye with the following features could, then, be con¬ 
sidered as one of the least specialized and primitive forms of the com¬ 
pound eye: a facetless cornea; a thick corneal hypodermis; a small 
number of short ommatidia containing double retinophorae provided with 
two, large, axial rods which form a nearly terminal crystalline cone; 
Semper’s nuclei may be above or beneath [Musca, Hickson) the retinidia; 
and finally, the entire ommateum forms a nearly flat surface. How, then, 
does such an eye compare with the lateral ones of Spiders? It seems 
to me that the resemblances are so striking that they hardly require 
enumeration. In Spiders, the terminal rods have become 
axial, forming a double refractive body homologous with 
the crystalline cone; in some cases, one or two (?) nuclei have 
shifted their position so as to lie above the rods. That the apical posi¬ 
tion of the nuclei, above the rods, in the compound eye, presents no 
morphological difficulty, is shown by the frequency with which their 
position is changed in Spiders, sometimes being above, and some¬ 
times below the rods. In the simplest ocelli with terminal rods, the re- 
tinulae form a single, or probably, at most, a double zone; with the 
formation of an ommateum by the development of axial rods, the 
retinulae show a strong tendency to form two or three zones sur¬ 
rounding corresponding parts of the retinophorae. Grenacher has 
not described any nuclei in the retina of Spiders, except those of 
the retinophorae; but we may be sure that the pigment is deposited 
in distinct cells, just as in Scorpions and Limulus , whose nuclei 
have been overlooked by Grenacher and misinterpreted by Graber. 
In Spiders, as has been shown by Lankaster and Bourne for Scorpio 
and Limulus , the outer and middle nuclei of Graber must be referred 
to an outer and middle (and inner? row of pigment cells, or retinulae! 
Then each ommatidium of the middle eye of Spiders would consist 
of a double retinophora with axial rods surrounded by two or three 
circles of retinulae (PI. 32, figs. 137 and 146). Such an ommatidium 
agrees, in all essential respects, with an ommatidium of a compound 
eye like that of Gammarus . The only 0 change necessary to convert 
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a lateral eye of Spiders into a compound one, would be to reduce the 
thick lens to a thin cuticular layer, and decrease the depth of the 
ommatcal cup; or. vice versa, to change an eye like that of Gammarus 
into an ocellus, we have only to increase the thin corneal cuticula 
into a thickened cuticular lens. 

To recapitulate: we have answered, as nearly as possible, the six 
questions proposed above. To the question: Does 1) comparative 
anatomy, (2) histology or (3) embryology give any evidence of a present, 
or past, fusion of ocelli to form a compound eye, we are obliged to 
answer, no; even a very thorough study has proved that just those 
features are absent that ought to be present, provided any fusion had 
taken place! (1) We find no traces in the possible ancestors of the 
Insects and Crustacea of a union of ocelli, that could lead up to the 
present compound eye. (2) We find no evidence in embryology, or 
in the simple forms of compound eyes, of any fusion of elements; the 
faceted cornea, which on this supposition, i. e. that of fusion, should 
represent the primitive condition and should therefore be found in the 
lowest types, is on the contrary a highly specialized condition only found 
in the higher forms, and is entirely absent in the lowest. (3) Careful 
study has failed to reveal the presence of any structural peculiarity, 
such as envelopes for the ommatidia, arrangement of their cells, struc¬ 
ture of the basal membrane, or of innervation, which could in any way 
be interpreted in favor of such a supposition. In fact the evidence is 
all against such a mode of thinking. 

On the other hand, our questions concerning the supposition that 
a compound eye is formed by the progressive modification of a single 
ocellus have received the following answers: (1) we do find stages in 
the Spiders where a single ocellus has developed into an organ that 
only insignificant changes would suffice to convert into a compound 
eye like that of Amphipods and Isopods; (2) embryology shows that 
the very thin and degenerate (shown by faint staining of nuclei) corneal 
hypodennis of the more specialized compound eye, assumes, in the 
larval stages, a greater proportional development, rendering its homo¬ 
logy with the important corneal, or vitreous layer of the ocellus more 
intelligible; (3; we find a complete identity in all essential parts be¬ 
tween the ommatidia of a compound eye and those of an ocellus. 

When to all this evidence against the first supposition we add 
that obtained by comparing all the fundamental changes necessary 
for the conversion of a group of ocelli like those of the Myriapods into 
a compound eye like that of Insects and Crustacea, and the disappeaiv 
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mice of all evidence of such a change, — with the slight modifications 
necessary to convert an ocellus like the lateral one of Spiders into a 
similar organ, the evidence in favor of the latter supposition is so 
strong that there is no course left but to adopt it. 

We have, therefore, arrived at the following conclusions: (1) that 
the ancestral forms of all Arthropods were probably pro¬ 
vided with a small number of eyes placed on each side of the 
head: (2) these eyes consisted of closed optic vesicles, 
formed by invaginations lying close beneath the hypo- 
dermis, which formed a continuous layer over them; (3) the 
deep wall of the vesicle formed a retineum, similar to that 
of Worms and certain Mollusca, composed of colorless, 
double retinophorae, bearing terminal rods and contain¬ 
ing an axial nerve fibre; each retinophora was surrounded 
by circles of rodless pigment cells; (4 the outer wall of the 
optic vesicle secretes a cuticular, vitreous body, similar 
to that found in the optic vesicle of Worms (Alciopidae' and 
Molluscs [FissureUa etc): (5) the hypodermis overlying the 
optic vesicle (corneal hypodermis) gave rise to a lenticular 
thickening of the cuticula, the lens. Such a primitive form, 
which closely resembles typical Mollnscan, and Worm eyes, has under¬ 
gone no great modification in the simpler ocelli. In general, the modifi¬ 
cation has been in two directions: ( I an increase in the number of ocelli, 
accompanied by a decrease in the number of their ommatidia: this is in 
turn accompanied by an increased complexity of the ommatidia; and 
(2 , a decrease in the number of ocelli accompanied by an increase in 
the number and complexity of the ommatidia. The condition of the 
lateral eyes of Limulus indicates that the development of axial rods, 
in place of the terminal ones, was the first step in the modification 
of the ommatidia. Afterwards, came a decrease in the number of omma¬ 
tidia with an increase in the number of retinophorae. 

According to this description, then, the median eyes represent a 
less modified condition of the archaic eyes, than the lateral ones. The 
eyes of Limulus represent the extreme modification, in this direction, 
of the ancestral one, while those of Scorjno have progressed in the 
same direction, but have stopped at an intermediate point. Lankester 
regards the lateral eye of Limulus as a »monostichous, polvmeniscuSK 
eye, and therefore a modification of a single ocellus into a compound 
eye. I am, on the contrary, as has already been said, inclined to regard 
it as a group of ocelli, whose ommatea are reduced to single, complex 
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ommatidia. This is therefore just the opposite to what takes place 
in the higher Arthropods, where a compound eye is due to the modifi¬ 
cation of a single ocellus. I am conscious that the opponents of the 
latter view might see here a contradiction, and could urge with some 
plausibility that, if the lateral eye of Limulus is due to an aggregation 
of many ocelli, it furnishes just the illustration desired to show that the 
faceted eye was produced by a similar, but more extensive series of 
changes. But we have already given reasons for believing that the 
changes undergone by the eyes of Limulus would never lead up to a 
typical compound eye, — in fact their development has been in a dia¬ 
metrically opposite direction — and that the resemblance is of the 
most superficial and insignificant nature. 

The condition represented by the eyes of Limulus and Scorpio is 
as far removed from the primitive type, as are the compound ones of 
Insects and Crustacea. But this condition is attained by a great reduc¬ 
tion in the number of ommatidia without a corresponding increase in 
their functional powers. When we compare the direction of their 
development with that of the ocelli which give rise to the compound 
eyes, we must admit that, if the development of the latter is upward, 
towards organs of greater structural complexity and functional activity, 
then the former are tending in the opposite direction, downwards, 
towards greater structural simplicity and less perfect functional activity. 

In the Myriapods, the eyes have remained nearly stationary; 
there has been no great change in the number of ocelli, or in the con¬ 
dition of the ommatidia, which retain their primitive characteristics, in 
that their rods are terminal and form a continuous layer, a retineum. 

In the Spiders, most of the ocelli have likewise remained nearly 
stationary, the ommatidia forming a retineum; others, the posterior eyes, 
have undergone important changes, not so much on account of their 
extent, as direction. These changes carry such ocelli nearly 
to the level of ty pi cal compound eyes. The changes consist in the 
development of double, axial rods, terminal nuclei for the retinophorae, 
and two or three (? circles of retinulae, an outer (middle?), and inner 
one. The primitive, double retinophora is in direct contrast with the 5 
and 10 fold retinophorae of Scorpio and Limulus . To change such an 
ocellus into a compound eye, we have only to reduce the corneal lens 
to a thin layer and flatten the ommateum. Anecessary result of these 
changes would be a more perfect isolation of the retinophorae, and con¬ 
sequently a better development of the retinulae. A compound eye being 
once formed, it is further perfected by the development of a corneal 
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facet, or lens, for each ommatidium; the number of retinophorae in¬ 
creases to four, and two well defined and constant circles of retinulae 
are developed, an outer row surrounding the cone, and an inner one, 
the stalk of the retinophorae, or the reflector when one is developed. 
The circles of retinulae may increase, in certain cases, to three or four. 

It will be seen that, as far as the conversion of a so-called double 
layered ocellus, or stemma, into the compound eye is concerned, I agree 
more with Lankester than with Grenacher; but there the resemblance 
ceases; Lankester has, in other respects, followed Grenacher in re¬ 
garding the crystalline cone cells as homologous with the corneal hy- 
podermis of the simple eyes. In confirmation of his supposition, Lan¬ 
kester alleges that there is a tendency in the simple eyes to become 
retinulate; this is especially true in regard to Scorpions, and upon this 
fact he seems to base his conclusions. As we have shown, this 
statement is true not only of Limulus and Scorpions, but is 
likewise the case in all eyes, since all are formed of omma- 
tidia showing a greater or less amount of segregation. The 
relation of simple eyes to compound is not shown by a 
greater or less degree of retinulation, since this is carried 
nearly to its extreme in such remote forms asXmw/ws and 
Scorjyio , but by the position and number of the rods, which 
tend to become axial, giving rise to the crystalline cone of 
the compound eye. 

Lankester has introduced a number of terms which we cannot 
accept. The term »nerve end cells«, if my observations are true, 
is not logical, since every cell is supplied with nerves; we can only dis¬ 
tinguish the manner in which they terminate. If we reject the term 
»nerve end cells«, we must do the same for the term »perineural 
cells«. The primary division he would make into »monostickous« 
and »diplostichons« is no more appropriate than the terms simple 
and compound eyes, or ocelli and faceted eyes. It is, firstly, ex¬ 
tremely doubtful whether a »monostichons« Arthropod eye exists; and, 
secondly, many of the so-called »diploblastic« ones are in reality three 
layered, as in Scorpions (Graber), and Spiders (Grenacher). All 
organs tend to vary in certain directions, dependent primarily upon the 
primitive structure of the organs in question. To know what those 
directions are we must know the structure of a few specialized forms, 
and how they differ from the primitive ones. I have endeavored to 
find these factors in order to found a new method of classification. I 
have shown, with a certain show of reason, what the original structure 
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of the sensitive layer, and the general structure of the eye, was. It 
is supposed that the primitive Arthropod eye was formed of three layers 
(PI. 32, fig. 141), and that all other forms are modifications of this type. 
Even if we admit that this supposition is true, our knowledge of these 
layers is too small to be used at present with any effect. Although 
not of primary importance, the evidence obtained from a study of 
these three layers may be used in conjunction with that obtained 
from a knowledge of the ommatidia, which must be regarded as 
the elements possessing the greatest classifying value. Upon them, 
I believe, must be founded the classification of all eyes, and not 
upon the number of layers, or upon the lens, or any similar part 
of equally small, physiological, or morphological value. Lankester’s 
term retinulate, signifying »an ommateum in which the nerve end 
cells are segregated to form definite groups, or retinulae«, is not ad¬ 
missible , since it is founded upon a wrong conception of the struc¬ 
tural elements of the eye. All eyes are retinulate in this sense, 
since they consist of ommatidia formed of compound retinophorae sur¬ 
rounded by pigment, or ganglionic cells. 

The term »vitreous body« is a bad one, since he uses it to desig¬ 
nate a layer of cells, whereas the term has already been universally 
used to designate a non-cellular, vitreous secretion. Moreover he 
applies it to »the anterior cell wall of a diploblastie ommateum«; it is 
certain that in the compound eye this layer (the corneal hypodermis) 
does not secrete any vitreous body, but gives rise to the corneal facets 
alone. It is also extremely probable that the homologous layer in the 
sternum and ocelli, or the vitreous body (which ought to be called the 
corneal hypodermis), likewise gives rise to the corneal lens, but to no vit¬ 
reous secretion; this function is performedby the outer wallofthe primitive 
optic vesicle, or by the median of the three ectodermic layers. To this 
layer, which is entirely absent in the compound eye, I have given 
the name vitreous layer, and to that immediately underlying the 
corneal euticula, that of corneal hypodermis; the latter cannot fail 
to be present in all Arthropod eyes, possibly with the exception of 
certain Crustacea, such as Copepods, Cladocera etc. which we have 
not included in any of our previous statements. 

We cannot recognize the term »vitrella«, or »a group of cells of 
a vitreous body which has become segregated in correspondence with 
the segregation of the retinal body and of the lens«, since it is founded 
upon what we consider to be a false conception of the structure of the 
compound eye. 
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There is no necessity for regarding some eyes as »exoehromic«, 
and others as »autochromic« , since there is no evidence to show 
that pigmented mesoderm cells have forced their w r ay through the 
basal membrane into the eye; neither can it be shown, as any induce¬ 
ment for the supposition that there are two kinds of pigmentife- 
rons cells in the eye, that they owe their origin to two different 
sources. Lankester moreover carries this supposition to an ab¬ 
surd degree, in stating that such mesodermic cells have wandered 
through the basal membrane, forcing their way between the retinulae, 
then through a second membrane, and finally between the crystalline 
cone cells, in order to surround them with pigmented ones in a manner 
to correspond to the arrangement of the retinulae around the rhabdoms. 

Moreover the pigment cells are the most ancient elements in the 
eye, older even than the retinophorae, and their origin, as well as that 
of the retinophorae, is always ectodermic. It follows, then, that I cannot 
accept his division of eyes into exochromie, and autochromie, since ac¬ 
cording to my view r s such a division is not consequent. 

It must be borne in mind that I have not attempted to draw any 
inference, founded upon the structure of the eyes, in regard to the ge¬ 
netic relationship of the different groups constituting the Arthropods. 
I have simply made what seemed to be a reasonable supposition as to 
the primitive Arthropod eyes, and have attempted to show how far, 
and in what direction, the eyes now known diverge from this ancestral 
form. Whether this evidence will be of any phylogenetic value, I am 
not prepared to say. A verdict can only be rendered after a careful 
study and comparison of all other evidence entitled to consideration. 

A superficial examination of the eyes of Copepods and Cladocera 
shows at once a resemblance between the crystalline body, — not the 
cuticular lens w r hich is sometimes developed, — and the crystalline 
cone of the compound eye. If this resemblance is more than a super¬ 
ficial one, we might attribute to them a similar function. Our know¬ 
ledge of the structure of these eyes is too vague to allow of any specu¬ 
lations concerning them. But if it could be proved that the ommatidia 
were separated from the cuticula by a layer of cells, then there would 
be ground for believing that they represent modified invaginate eyes 
in which the retineum was reduced to one, or a small number, of om¬ 
matidia. On the other hand, it is possible that they may represent 
single, or small groups, of isolated ommatidia which, without separation 
from the primitive hypodermis, have reached their present condition. 

Considering the fact that the retinophorae in Mollusca are double, 
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and contain a highly developed, and an aborted, nucleus, wc must ad¬ 
mit that the possibility of regarding the phaosphere, found in Eascor- 
pius Italians , by Lankester, as an aborted nucleus, is not so remote 
as he would have us believe. 1 have omitted this factor in my deduc¬ 
tion, for the sake of simplification: for, even if it were so, it would 
not materially alter the conclusions at which we have arrived. 

It was not until I had definitely decided, by comparison, what must 
have been the character of the primitive Arthropod eye, that my atten¬ 
tion was called to the eye of Peripatus as described by Carriere. This 
type of eye resembles so perfectly the presumed ancestral one that 
either might be regarded as the primitive form. 

This conception, then, is of double value, firstly, because, according 
to it, all the various forms of Arthropod eyes (with the exceptions al¬ 
ready mentioned) may be regarded as modifications of a single, primi¬ 
tive type, exactly like that found in the most primitive Arthropod; se¬ 
condly, because the so-called Molluscan eye of Peripatus is no longer 
remarkable on account of its dissimilarity with other Arthropod eyes, 
but, in fact, is completely identical with what we have good reason for 
supposing is the primitive Arthropod eye. 

In the Crustacea, the number of cephalic eyes is never so great 
as that often found in the Insecta, and in by far the majority of cases is 
limited to two. There is seldom more than a single, median, larval eye, 
probably representing a fusion of two paired ones, which are very 
rarely retained in the adult. 

Eupliausia is remarkable on account of its numerous, segmentally 
arranged eyes, or luminous organs, as Saks 1 considers them. Through the 
kindness of Die Paul Mayer, I have had the pleasure of examining some 
very carefully prepared sections of these organs. I hoped to give a more 
complete description of them, but that must be reserved for some future 
time. 

Saks states that there is no reason to consider them as visual 
organs, since their structure is not like that of eyes in general. I 
cannot agree with him to this respect. I do not think Saks examined 
the eyes by means of sections, without which it would be extremely 
hazardous to form an opinion. The sections I had the pleasure of 
studying showed a complete agreement in essential characters with the 
visual organs of other animals. The lens is separated from the exte¬ 
rior by a double layer of cells, and is suspended in a well-developed 

1 Report on the Schizopoda collected by II. M. S. Challenger during the 
years 1873—1876. in: Challenger Reports Vol. 13, Part 37, p. 70—72, PI. 12. 
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(muscular?, band. The retina is nearly hemispherical, and contains a 
deep row of large nuclei and a superficial layer of more numerous, smaller 
ones. According to Saks' description, this layer should contain bright red 
pigment, although in the preparations I examined the cells were color¬ 
less, the pigment having been extracted by the reagents. The cavity 
of the optic cup is almost completely filled with a mass of rods (Saks’ 
jjflabelliform bundle of fibres^), which are remarkable on account of the 
long, vertical, median rods, and the shorter, horizontal ones, on the 
side walls of the eup. Beneath the retina is an extraordinarily thick, 
(laminated) layer, or argentea, nearly hemispherical, and remarkable 
on account of the uniformity in the thickness of its peripheral and 
central parts. The great development of the lateral rods, and of the 
peripheral part of the argentea is a correlated and dependent condition, 
probably due to the great amount of lateral light reflected by the peri¬ 
pheral parts of the argentea upon the lateral rods. The vertical rods pro¬ 
bably receive the direct vertical rays from the lens, and the same a second 
time after their reflection by the underlying argentea. The general 
tendency has been to regard these remarkable organs as eyes, on 
account of their evident similarity to them, though Saks has come to the 
conclusion that they are not eyes, but luminous organs. But let us con¬ 
sider what a luminous organ is, and how it originated. It certainly must 
be of some decided advantage to the animal, else it could never have 
originated. It is extremely improbable, if not impossible, to suppose 
that such highly complicated organs could have been developed by a 
series of gradual changes, for the purpose of frightening other animals. 
Besides luminosity is too common to suppose that it would affect any 
nocturnal animals — the only ones to be frightened by it. They 
could not serve as sexual attraction. since they are present in both 
males and females. It is extremely improbable that they could have 
originated as luminous organs, to be used as a help in capturing 
prey. It is only possible to suppose that their luminosity was a newly 
acquired property, originally, only a secondary, or incidental one. 
For instance, it would be very easy for an eye, with a well developed 
tapetum and lens, to be transformed into a luminous organ, provided 
the rods, or some other substance in the optic vesicle, as the vitreous 
body, should acquire highly phosphorescent properties; the lens and 
concave argentea would then act like a miniature dark-lantern, in 
which the phosphorescent substance is the light, the argentea, a con¬ 
cave reflector of the most perfect description, and the optic lens, 
the bulls eye lens of the lantern. If such a transformation took place, 
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the rods and histological structure of the retina would necessarily 
undergo degeneration, and no longer function as sense organs; 
hence their nervous supply would almost entirely disappear, a 
condition which has, apparently, not been realized. But the difficulty 
in the way of such a supposition is to point out any purpose in such 
a change, or any adequate advantage to be gained by the animal; 
and then we have only doubled the difficulties, since we must still 
explain how so many accessory eyes were originally developed. 

In fact, to suppose that the organs are luminous does not decrease, 
but on the contrary augments the difficulties to be met in treating this 
subject, therefore I cannot agree with Saks in considering them as 
luminous organs, but am compelled to regard them as accessory 
eyes. It seems to be beyond doubt that they are luminous; but still 
I desire to call attention to the fact that the proof does not as yet ap¬ 
pear to be perfect. For instance. Sars has not said that the eyes are 
luminous in absolute darkness! It must be borne in mind 
that the presence of the brilliant argentea would, in certain positions, 
cause a sudden reflection of any bright object in the vicinity, and thus 
produce the brilliant flashings which Saks considers voluntary. 
But in spite of these facts, it appears that the rods, or fibres, are 
faintly luminous, even when isolated and crushed. But even this does 
not prove that the structures are luminous organs, since this property 
is a very common one, found in almost all conditions of matter, living 
or dead, and in the present instance it could very easily be an inci- 
dental property, having nothing at all to do with the use of the 
organs. I would also like to call attention to the presence of the 
bright red pigment so characteristic of certain forms of Inverte¬ 
brate eyes i. e. Coelenterata, Eehinoderms, Molluscs and Worms. 

If these bodies in Eaphausia are not »luminous organ s« — that 
is. if the luminosity is not an essential, but only a secondary and inci¬ 
dental property, — then they are, in all probability, visual organs, or 
eyes. But how can we explain the presence of so many eyes in this 
isolated group? It is probably due to one of two reasons, either they are 
deep sea, or nocturnal animals. But from the ^Challenger ReportS((, 
it is evident that they are found in great abundance on the surface, 
and seldom, or never, at any depth. They are, probably then, noct¬ 
urnal , and this fact has led to a great development of ommatidia in 
certain regions, giving rise to the eyes as we now see them. The 
enormous development of the argentea is an evidence that they are 
constructed for an economy of light impressions, just as in Pecten , and 
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in those nocturnal, or deep sea fishes, which are so universally supplied 
with reflecting’ surfaces. 

I must anticipate the theoretical remarks to be given in the fifth 
chapter, in order to say that I regard these bodies as organs adapted 
for the absorption of light energy, rather than for the perception of 
objeets. These accessory organs may with propriety be called eyes 
since, originally, all eyes had such a function , and may still have it 
even in the more highly perfected forms. 

The careful and valuable studies of Grobben (55) upon the 
eyes of Phyllopod Crustacea, have shown that in this group the 
lateral eyes are overgrown by a double, membranous fold , in some 
eases enclosing the eye in a complete sae, which in other instances 
remains open. He regards these folds as protective, and considers 
that they are not developed in Branchipus ; but the fact, as I have 
shown, that the latter genus is supplied with a corneal hypodermis, 
would indicate that a similar fold was present in the embryos. If 
this is so, we must suppose that the hypodermic folds over the Clado- 
eeran eye represent the corneal hypodermis of the higher Crustacea, 
and that the folds have a deeper phylogenetie signification than 
has been supposed. The resemblanee between this folding of the 
hypodermis, and the invagination to form what I have considered 
as the primitive Arthropod eye, is so striking that one cannot fail to 
notiee it. But on the other hand the resemblanee may be a super¬ 
ficial one, and we should not be warranted in regarding it as having 
a phylogenetic meaning, without a more accurate knowledge of the 
eye in this group of Crustacea. 

Development. 

1 ean see no reason for supposing that the development of the 
visual organs of Arthropods should be any different, in principle, from 
that of Molluscs. Carriere states, on the authority of Kennel, that 
the eyes of Peripatus are formed by the modification of invaginated, 
and in the early stages, open-mouthed, optic cups. The strongest ob¬ 
jection that can be urged against the supposition that all Arthropod 
eyes are modifications of primitive optie vesicles is that embryology 
gives no evidence of such an invagination. Although the embryologieal 
evidence is very scanty and entirely confined to the compound eyes, it 
is pretty certain that in most, if not all, compound eyes, there is no traee 
of an invagination; but this ought not to be an insurmountable objee- 
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tion, since such processes are often omitted. In Pecten , where it is 
pretty certain that the eyes were formed by the modification of in- 
vagiuated cups, ontogeny gives no indication of such a process. If it 
is once agreed that the compound eye is a modified ocellus, then the 
safest course would be to study the development of the simplest and 
most primitive ocelli. It is needless to say that this has not, as yet, been 
done. Basing our supposition upon the facts obtained in the Mollusca, 
concerning the development of ganglionic cells in general, and of nerve 
branches, or nervous centres of sense organs in particular, we are 
compelled to apply the same principles to the Arthropod eye, and 
although we have no such embryological evidence, the same method of 
nerve endings i. e. intercellular nerves, — in the most primitive con¬ 
dition, reaching to the outer extremities of the cells, — furnishes very 
good reason for supposing that the ontogenetic and phylogenetic devel¬ 
opment of nerve cells must be essentially the same in the two groups 
under consideration. If, then, this is true, we can no more admit that, 
in Arthropods, the sense cells and their nerve ends are outgrowths from 
the brain, than in the Mollusca, unless we suppose a case analogous 
with that found in the Vertebrates, where a part of the brain, originally 
external, has become evaginated to form a retina with inverted rods. 
This supposition, however, will not apply to the Arthropod eye, even 
leaving other difficulties out of consideration, because the rods are not 
inverted. 

The observations of Bobretzki are founded upon the supposi¬ 
tion that the crystalline cone cells and the retinulae form two distinct 
layers, and he was therefore led to mistake the corneal hypodermis 
not knowing of the existence of such a layer, — for the crystalline cone 
cells. I have myself had the opportunity of making sections of some 
young lobsters’ eyes in a comparatively late stage of development, and 
found that the corneal hypodermis was then much more highly devel¬ 
oped than in the later stages. This fact would also explain why 
Bobretzki has asserted that the outer ends of the crystalline cones are 
surrounded by four cells, believed by him to be identical with the 
nuclei of Semper Balfour, Vol. II, p. 397). If the development 
is the same here as in the Mollusca, the following must be the 
processes undergone: 1 a thickening of the cephalic hypodermis, 
giving rise by cell proliferation to two layers, an inner one, the brain, 
and an outer one forming the permanent hypodermis; that part of the 
brain arising from the seat of the future eye gave rise to the optic 
ganglion, which is never entirely separated from the seat of its 
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origin ; 2) that part of the hypodermis from which the optic ganglion 
originated again becomes thickened and divides into two distinct layers, 
the outer one forming the corneal hypodermis, and the inner, the 
ommateal layer, consisting of the retinophorae surrounded by their 
circles of retinulae. I must insist that, if the description I have given 
of the structure of the compound eye is correct, then it is impossible 
for the sense cells, either the so-called retinulae of Gre- 
nacher with their rhabdoms, or the retinophorae, to have 
reached their present position, as outgrowths of the brain. 
This mistaken conception is undoubtedly due to the close proximity of 
the ommateal hypodermis to the brain , and to their common point of 
origin. The mesodermic ingrowth, between the inner, hypodermic, and 
the outer, neural layer did not, in all probability, give rise, as Bobretzki 
believes, to the pigmented cells and perforated membrane (the latter 
has no existence) between the crystalline cone cells and the retinulae, 
but to the often pigmented mesodermic cells between the basal mem¬ 
brane and the optic ganglion. 

Weismann (49 j and Carriere (19) have likewise shown that 
the entire optic layer arises from a hypodermic thickening, and 
not from any outgrowth of the brain. 

Vision in the Compound Eye. 

The facts which I hope have been made clear in the preceding 
pages necessitate a modification in the supposed process of seeing in 
the compound eye, as advocated by Grenacher, — the so-called 
Muller’s Theory of Mosaic Vision. 

The facts which bear on this point are the following: 

(1) I have shown that the so-called rhabdom of Grenacher has not, 
in any case examined by me, the structure he has ascribed to it. 

(2 The rhabdom does not owe its origin to the pigment cells, or 
retinulae. 

3) What Grenacher regards as a highly specialized rhabdom (or 
the pedicel , that should consequently possess the greatest sensibility as 
well as greatest number of nerve fibres . is, in fact, entirely devoid of 
those nerve fibrillac which we have shown to be the light percipient 
elements. 

4 A more accurate knowledge of their structure (the rhabdoms) 
shows that they can in no way be regarded as homologous with 
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those bodies, or rods, known to be the percipient elements in other 
animals. 

(5) According to Grenaciier’s theory, the retinulae and rhabdoms 
must form a cell layer, distinct, in the strongest sense of the word, from 
that formed by the crystalline cone cells; that this is not so, can be 
proved by the most conclusive evidence, showing that the three circles 
of retinulae and the crystalline cone cells form a single layer. 

(G) According to this theory, no adequate explanation can be given 
concerning the function of the corneal facets and crystalline cones. 

(7) According to this theory, the crystalline cone cells must be 
homologous with the vitreous layer of the simple eye. It is then im¬ 
possible to account for the crystalline cones, the presence of pigment 
cells, or the grouping of the crystalline cone cells in fours, — not the 
slightest trace of any of these structures being found in the vitreous 
layer of any simple eye. 

(8) According to Grenacher, the rods, or rhabdoms, are secreted, 
in the compound eye, by the retinulae, or pigmented cells; this is 
directly opposite to what is found in the immediate ancestors of Insects, 
and, in fact, in all the higher Mollusca and Worms, and probably in 
the Vertebrates as well, where it is the colorless cells alone which give 
rise to the rods. 

(9) This theory entirely ignores the presence in all faceted eyes of 
a corneal liypodermis, a fact which alone is sufficient to upset the 
whole series of deductions upon which it is founded. 

If these facts are sufficient to overthrow the theory ofGRENACHER, 
they are none the less important in their bearing upon a new inter¬ 
pretation of the structure, morphological signification, and function, of 
the different elements in the compound eye. The changes these facts 
necessitated, concerning the origin and structure of the compound eye, 
have already been alluded to. According to what was then remarked, 
it follows that the network of cross fibrillae, or retinidium, 
contained in the calyx of the retinophorae, either with or 
without a crystalline cone, is the essential element of the 
compound eye; without considering a great many minor points which 
militate against all other suppositions, and in favor of this, we shall 
briefly enumerate the following facts: (1) the crystalline cones, 
and the cells which bear them, are homologous with the 
rods and retinophorae in the eyes of Molluscs, and in the 
ocelli of Arthropods; (2) a series of cross nerve fibrillae 
can be traced in the crystalline cone, or in the place 
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where the cone should be when it is absent, exactly 
similar to those nerve endings in the rods, or percipient 
elements, of all other animals; (3) in those animals best 
able to see, the corneal facets are so constructed as to 
throw a perfect image upon the crystalline cone, or upon 
the centre of the calyx. 

Hence, morphologically, the seat of vision ought to be in 
the crystalline cones, the necessary nerves are only to be 
found in the crystalline cones, and finally the most perfect 
optical conditions are obtained in the crystalline cones; 
therefore the crystalline cones are the percipient elements! 

Accepting this conclusion, there can be but one supposition con¬ 
cerning the result. In those eyes with lenticulate facets, an inverted 
image of those objects lying within the axis of the ommatidia will be 
formed upon the crystalline cone. In such forms as Musca and 
Mantis, besides many others, there is absolutely nothing to 
prevent the formation of a perfect image, not upon one or 
two nerve fibres whose surface is in no wise proportional to 
t he size of the image , but upon a complete and perfect series 
of fib rill ae, whose extension in all three directions is suffi¬ 
cient to receive the whole of any image formed by the corneal 
1 ens. 

The lack of focal accommodation in the lens is balanced 
by the depth of the rctinidium. 

We have already called attention to the fact that the corneal facets 
are the products of two or four hypodermic cells. The division between 
the product of each cell is far less distinct (in all but exceptional cases, 
reduced to almost nothing), than the division between the corresponding 
facets. These facts indicate that the latter divisions, by the great 
difference between their refractive index and that of the 
surrounding cuticnla, serve to exclude more perfectly 
lateral rays of light from each crystalline cone. Even if we 
accept the conclusions of Exner ^ 61 ), Grenacher, and others, that the 
crystalline cone would prevent the formation of an image, that very 
conclusion necessit at es the supposition that in the crys¬ 
talline cone there would be the greatest accumulation of 
rays of light! In by far the majority of cases, the shape, consistency 
and position of the cone is such as to offer no hindrance to the formation 
of an image. If we add to such cases those in which no crystalline 
cone is present and where there is undoubtedly a highly developed 
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visual power, as in the Diptera, the number of eases in which it is even 
probable that the cone would prevent the formation of an image is very 
small. On the other hand, in the Flies, there is undoubtedly very sharp 
vision, and therefore, if the rhabdom is the percipient element, we 
ought to find the lens and cone highly perfected in order, according* 
to Exner's supposition, to bring as much light as possible into the 
extraordinarily small hole at the bottom of the calyx; the cone is, 
however, entirely absent, but the lens remains, and is well developed: 
but alone it must be a positive disadvantage, since, with it, only a 
single, central ray of light can possibly enter the rhabdom; all others, 
since the focus of the lens usually falls in the middle of the calyx, 
will fall at a sharp angle on the lateral walls of the calyx, never 
entering the rhabdom. If the calyx and lens were entirely ab¬ 
sent. or were reduced to a thin layer, — a change that could be accom¬ 
plished with the greatest ease , we may be sure, provided there was 
an advantage to be gained by it, — many more rays of light could 
gain access to the rhabdom. But as a matter of fact, only a single ray 
can, under existing circumstances, enter the rhabdom. Now let us 
consider the extraordinarily small number of rays, arising from an 
ordinary sized object, that could enter a corresponding number of 
rhabdoms, and the faint impressions that these single rays would pro¬ 
duce , and we cannot fail to wonder how these imperfect means could, 
in so many cases, cause such perfect vision. On the other hand I pre¬ 
sume the advocates of Muller’s theory of mosaic vision would discover, 
in the presence of the axial nerve fibres which I have shown to be so 
universally present in the style of the retinophora, a striking confir¬ 
mation of their views. The presence of a single nerve element in the 
rods was regarded by the followers of Muller, as the fact necessary 
for the complete confirmation of this theory. Grenacher emphasized 
this point, but finding in many cases six or seven rods, or nerve ele¬ 
ments, came to the conclusion that, since they were not large enough to 
receive any entire image, they must act as a single element, like the 
rod of a Vertebrate for instance; if he accepts the fact of an axial nerve 
fibre, a though his rhabdoms disappear, his theory may take a stronger 
hold than before. 

But those, who, on these grounds, would still retain Muller’s 
theory, will have difficulties to contend with, besides those presented 
by the crystalline cone. Why for instance is it. if only a single ray of 
light penetrates the rhabdom, and consequently only extends over 
the axial nerve, that the rhabdom is, in the presumably most sensi- 
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tive part, so much larger than is necessary; it should only be as large 
as the axial nerve, and surely not larger in one place than another. 
Then again the axial nerve, in other animals without doubt, 
is not the sensitive element, but only the radiating and in¬ 
finitely smaller fibrillae. In Cephalopods, the axial nerve is 
entirely protected from the light by a coating of pigment granules. 
Moreover in all other animals, the rays of light act at right angles 
upon the fibrillae, and there is no reason to suppose that in Arthropods 
a different condition prevails; in fact we meet with insurmountable, 
physiological difficulties, in attempting to imagine the effect a ray of 
light will produce, acting parallel with a long and large nerve fibre. 

Indeed the objections to Muller’s theory, as advocated by Exner, 
Grenacher and Carriers, and almost universally accepted by modern 
Zoologists, might, in the light of the facts given above, be multiplied 
indefinitely without coming to any more decisive conclusion. It will be 
sufficient, I believe, for the present, to allow the matter to rest until 
the observations, upon which my views are based, shall have been 
confirmed, or proved to be incorrect. 

I must again warn against the interpretation given to results ob¬ 
tained by superficial, physiological experiments upon the Arthropod eye. 
Such results should be accepted with the greatest caution. The effect 
produced by any change in the amount of light, or by any 
object, depends upon the structural perfection of the 
visual organ, and upon the association of light impressions 
with the impressions received by other organs. To deter¬ 
mine the functional perfection of a visual organ, we must know the 
entire life history of the animal. How far we are as yet from such a 
condition is only too evident. Let a person offer a dog a stone, and it 
would be a mere chance if the dog took any notice of it; this evidence 
alone would be sufficient to prove, to some people, that the dog was 
blind. Let our imaginary experimentor present him, after being fed, 
with a piece of meat , and if no notice were taken of it, he would be 
certain that the dog was blind. If, on the contrary, the dog had, by 
chance, been very hungry, the results would have been different, 
and any person would then come to the conclusion that the dog 
could not only see well, but could actually distinguish between 
things that were fit, or unfit to eat. This simple and perhaps unneces¬ 
sary illustration will, I think, enforce the statement already made that, 
in such comparatively simple creatures as Insects and Arthropods, 
whose actions are almost entirely controlled by so-called instincts, it is 
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impossible to judge of the effect certain objects will produce, without 
knowing the relation which they bear to the animal. In other words 
w T e should have to know the conditions governing the instincts of the 
animal. An instinct is a series of causes and effects which may be re¬ 
presented by a formula. Let x be any vibration, as sound, or light; x.n'. 

the nervous vibration caused by the first; and n.m . the muscular 

contractions caused by the same; then, providing x.n'. always causes 
the same muscular contractions, all that is necessary to cause x.n !., n. m. 
is x \ but the potentialities x. ?i'. } n.m .are inherited, while x is a con¬ 

stant, external factor. Theexperimentor has the quantities ??/,tlie sense 
organ ; n , the nerves; and m, the muscle, given; in order to produce 

the sequence x.n.', n. m ., he must select the factor x , and without a 

previous knowledge of the sequence to be produced, it will be a mere 
chance if he choose correctly. 

If the sequence of muscular contractions, n.m ., produced by 

any external factor, is short, we have a reflex action. If the sequence 
is long and complicated, we have an instinct. 

It lias been said that in all those compound eyes with lenticulate 
facets, an inverted image of external objects will be thrown upon the 
crystalline cones, but it does not at all follow that an image is per¬ 
ceived. As I have already remarked, an image is an incidental result 
of the concentration of light upon a given area. The perception of 
form is due to constant association with the sense of touch; it is not 
improbable that the perceptions in Arthropods may be due to a com¬ 
bination of the sense of sight with that of smell, hearing, or of motion. 
The perception must depend, also, upon the structure of the nerve 
centres to which the sensations are conducted, and upon the quality 
of the nerve fibrillae upon which the vibrations act. If the facts we 
have stated, in regard to the constant origin, up to certain limits, of 
ganglionic cells from sense organs, be true, then it follows that the 
nervous quality of their nerve fibrillae must be improved with age, 
or use. 

The great mistake in discussing vision in compound eyes is to 
suppose that all have a similar degree of functional perfection, simply 
because they are similarly constructed. It is only necessary to direct 
attention to this point, in order to show how essential it is. So far 
as we know, the eye of an ant, as far as its structure goes, is nearly as 
well adapted for seeing, as that of a fly; but the latter sees exception¬ 
ally well, while, according to Sir J. Lubbock, it is extremely doubtful 
whether the former sees at all. The difference may be due, in a small 
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degree, to the greater number of ommatidia in the eye of the fly. but 
it is probably due in a much greater degree to the difficulty of invent¬ 
ing satisfactory methods of experimentation. 

It seems as though Grenacher had sought refuge under the 
shadow of Muller’s genius for the propagation of some theory of 
vision that would go with his own observations. I must confess that I 
cannot see any evidence of extraordinary brilliancy in Muller’s cele¬ 
brated Theory of Mosaic Vision; his genius lias, however, been 
ample to protect, even up to the present day, his »geistige Lieblings- 
kind« as Grenacher calls it. 

A necessary deduction from the theory of mosaic vision, and one 
which Muller himself recognized, has, apparently, been forgotten by 
Grenacher in his discussion of vision in the compound eye. Muller 
says, as Grenacher has quoted, »Die Insecten sehen weder nach diop- 
trischennoch nach katoptrischen Gesetzen.sondern bloB durch eine 
nahere Bestimmung der Bcleuchtungk I understand, by this 
rather loose expression, that Insects are only able to distinguish light 
from darkness, and it cannot be denied that it is a necessary deduction 
from Muller’s theory. But it is certain that many insects can per¬ 
ceive objects with great precision, therefore the theory cannot be 
true. If only a single ray of light from any part of a small object 
— say ten feet distant — entered each rhabdom, then the points of 
origin of these rays of light would be so minute, few, and far apart, 
that no perception of form would be possible. On the other hand, if 
we bring to our aid the crystalline cone and corneal facets, as has 
been done by Exner, we would be no better off. since a widely di¬ 
vergent cone of light entering the corneal facet would, by repeated 
reflection, be concentrated as a confused mixture of light at the 
apex of the cone, giving absolutely no effect of form, while only com¬ 
paratively great changes in the amount of light would be perceptible. 
Moreover a most important point has been neglected by the advocates 
of Muller’s theory, and more especially by Exner, in attempting to 
explain the function of the crystalline cone. Even if we suppose with 
him that the latter concentrates at its inner end all the rays of light 
entering it, it is perfectly evident that the repeated reflection 
will not make the rays parallel. Now the inner end of the 
crystalline cone in its most perfect condition never reaches the 
outer end of the narrow pigmented tube in which the sup¬ 
posed rhabdoms are, therefore the rays of light will di¬ 
verge from the apex of the cone at nearly the same angle 
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at which they entered. no more rays of light gaining access 
to the rhabdom than if no crystalline cone was present! 

If we make the most generous allowance possible for the theory 
of mosaic vision, so celebrated on account of its wonderful acuteness 
of conception, we are at best provided with organs that can only dis¬ 
tinguish between light and darkness. But Exner, while admitting 
that there is probably no perception of form by the compound eye, 
considers that it is an organ very well adapted to perceive motion. We 
are not prepared to discuss to any extent what the conditions necessary 
for a motion-perceiving eye must be. It seems certain, however, that 
any organ perceiving simply light gradations could never distinguish 
motions of objects, except when they affected to a sensible degree 
the amount of light; therefore, in that case, there could be no 
perception of motion, but only a sensibility to the changes in the 
amoiint of light. It seems to be equally certain that to perceive 
motions of objects, it must be necessary for the light impres¬ 
sions produced by these objects to have some definition; 
but this is also just the condition essential to the perception of objects! 
It is extremely probable that the image of an object in motion is more 
irritant than that of one which is at rest. This is intelligible on the 
ground that all other sensations, either of touch, smell, hearing, or of 
slight electric shocks, are much more excitant when interrupted, than 
when continuous. We may consider that a moving object causes an 
image to be felt successively on various parts of the percipient surface, 
causing a vibration of images, so to speak; in an ear, for instance, 
sound produces a succession of impressions upon the same elements; 
in an eye the moving object produces a succession of impressions upon 
different elements. It has not been shown how the compound eye is 
especially adapted for seeing objects in motion; since having the 
percipient elements either in a continuous layer, like that of the Verte¬ 
brate eye, or isolated, as in Arthropods, cannot affect the principle of 
the action. 

In conclusion, we may say that of two objects of equal luminosity, 
other conditions being likewise equal, the one in motion would produce 
a greater nervous irritation than the one at rest, simply because 
it would cause a succession of interrupted impressions; there¬ 
fore the animal would be more likely to see the moving object than the 
one at rest. The transmission of these impressions from one retinidium 
to another would be as gradual in the compound eye as in that of a 
Vertebrate, since, (1) the image of any object is, in most cases, not 
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confined to one crystalline cone, but to several: (2) the rctinidium is 
formed by a set of nerves supplying not only one ommatidium, but 
several, so that a single impression produced in one would be liable 
to cause, by sympathy, an impression in the next. 

An important, but fallacious argument in favor of Muller s theory 
was elucidated by him. and strangely enough has been sufficient to 
support it until the present day. This argument is, briefly, the follow¬ 
ing: there appear to be but two suppositions possible; either the Insect 
must see an upright »mosaic images, or a multitude of inverted ones; 
blit it would be impossible for the animal to rectify all these inverted 
images in order to see well, therefore the former supposition must be 
the correct one! Muller seems to have forgotten that according to his 
adopted theory there is no necessity of inverting the images: because, 
surely, if the insect could not invert the images, it would still be able 
to see infinitely better than one, which, according to his theory, was 
only able to distinguish the amount of light! 

Muller also ignored the fact that some Insects are provided 
with as many as forty simple eyes, the images formed by which must 
be inverted. Neglecting the last named fact, to which Grenacher has 
also called attention, Muller preferred to consider that all Insects, some 
of which he must have known were notoriously sharp-sighted, are only 
capable of distinguishing light from darkness, rather than suppose that 
they could rectify numerous inverted images! But it seems to me that 
a little consideration will show that there is no more difficulty in this 
process, than in that performed by Vertebrates. It is a great mistake to 
suppose that all animals with compound eyes see equally well, or that 
it is necessary for them to form an idea of a landscape. There is a great 
difference between the structure of an eye like that of an Ant and that 
of a Dragonfly, and there is undoubtedly as wide a gulf between their 
visual powers. But a landscape even could be seen and recognized by 
means of a compound eye, provided the inverted images were small 
and very numerous; it would consist of an upright picture, with its 
general features unchanged, composed of innumerable inverted images. 
But most of the objects brought into daily relation with insects are small, 
therefore their images would be formed only on one, or a very few 
crystalline cones, so that the erection of their inverted images would 
not present any physiological difficulties. 

It would be absurd to assert that Insects or Crustacea could see in 
this or in that manner without giving specific cases. That, however, 
we are not prepared to do. But we may say with safety that there is 
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nothing in the principal upon which the compound eye is constructed 
to prevent its possessor from seeing with clearness and precision, by 
means of inverted images, either a landscape or small neighboring ob¬ 
jects. There seems to be no reason to deny that many Insects have 
developed at least one of these faculties to a special degree. On the 
other hand there seem to be many Arthopods, with well developed com¬ 
pound eyes, which are able to see, but not to perceive objects, or at least 
only a very few objects,— those with which they are brought into the 
closest relation. Then again there are probably many Insects which 
can only distinguish light from darkness. The difference in vision is 
due more to the powers of association than to variation in the structure 
of the eye. 

Chapter Y. General Remarks upon other Groups. 

The knowledge we possess concerning the visual organs of Coe - 
lenterates is sufficient to warrant a comparison between the structure 
of their essential elements and those of Mollusca and Arthropods. As 
far as I know, there are no structures in the Coelenterata that might 
be regarded as isolated ommatidia, but that such organs do exist, or 
have existed once, is quite probable, since their eyes are formed on the 
* same plan as those of the Mollusca, i. e. of collections of ommatidia 
which, in the less perfect condition, must have been irregularly scat¬ 
tered about. The sensitive layer, which appears to form a retineum, 
consists of colorless retinophorae, whether single or double is not 
known, surrounded by pigment cells, or retinulae. This structure is 
found in the sensitive layer of all the various forms of Coelenterate 
eyes. The only difference of any moment is that the retinophorae are 
much smaller, and in shape and general appearance resemble more 
closely ordinary sense cells than is the case in Mollusca, where the 
bright, refractive contents give them the appearance of gland cells. But 
in the Coelenterates anything similar to the rods of Molluscan eyes 
has not as yet been described. But I think we may safely conclude 
that what has been, heretofore, regarded as a vitreous body is, in re¬ 
ality, a cuticular thickening containing a highly specialized part of the 
retia terminalia. Such appears to be the case with the minute in- 
vaginate ocelli, described by Carriere, situated near the large lenti- 
culate eyes of Charybdaea marsupialis , which can be compared with the 
invaginate eyes of Area (PI. 30, fig. 43). The vitreous layer in the 
large, lentieulate eyes of the same species is, in all probability, a layer 
of retinal rods. 
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In Aurelia, according* to Hertwig, the ocelli are very poorly de¬ 
fined, and are not provided with any special thickening of the cuticula. 
They probably represent only the simplest aggregation of ommatidia. 

It is very probable that the so-called lens of the simple, non-in- 
vaginate ocelli is not a lens at all, but a lenticular thickening of the 
cuticula, tilled with nerve fibres; or, in other words, it is composed 
of the cuticular secretions, or rods, of the ommatidial cells, and con¬ 
tains the retinidia. Such a condition could be compared directly with 
the pseudo-lenticulate eyes of Arca(F\. 30,fig. 54). It is extremely 
improbable that a purely dioptric lens would be developed be¬ 
fore the specialization of the rods. Another striking fact that deserves 
attention is the wide presence of red, and less often, black pigment, 
which when united give rise to shades of brown varying in color ac¬ 
cording as one or the other pigment prevails. 

Another important point to be considered is the great number 
of imperfect eyes, and the presence of very highly developed ones, 
as in CharijMaea . This condition is exactly parallel to that found in 
Area, and brings us a confirmation of our supposition that the evaginate 
eyes of Area did not arise independently, but as modifications of the 
invaginate ones. If. for instance, both types of eyes were developed from 
an irregularly folded surface, the hollows forming into invaginate eyes, 
and the ridges into the evaginate ones, then we should expect to find as 
many transitional stages in the development of one form, as in that of 
the other, especially when there were a great many of both kinds in 
all stages of development. This, as we have seen in Area , was not the 
case. In Coelenterates also, although there are many very simple in¬ 
vaginate eyes in all stages of development, there are no traces of the 
evaginate ones. 

In the Worms, that uniformity in the structure of the sensitive 
layer, found in Mollusca and Coelenterates, does not appear to prevail. 
The eyes found in the Annelids are best understood; therefore they 
can be more readily compared with those found in the Mollusca and 
Arthropods. We shall speak of them alone. 

Carriere has furnished us with the best observations concerning 
the eyes of Polychaetous Annelids. The same composition of the sensi¬ 
tive layer, and of the ommatidia, is to be seen here as in Mollusca. The 
colorless cells (Secretzellen of Carriere) are the retinophorae, and the 
pigmented ones, the retinulae. It is remarkable how a person can fail to 
be impressed with the similarity between the colorless cells of the Coe- 
lenterate retina, and similar ones in the retina of Molluscs, orWorms. It 
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is evident that Carriere either failed to recognize this similarity, or 
regarded it as of no consequence, for he called the colorless cells of 
the Coclenterate retina, sense cells, and similar elements of the retina 
of Molluscs and Worms, secreting cells! hut, so far as I could find, he 
gave no reason for regarding them as morphologically different ele¬ 
ments. In such simple eyes as those of Nereis cultriferci , the optic 
vesicle has been described as being filled with a vitreous body, but we 
may be sure that a part of it is, in reality, composed of a layer of 
rods, just as in the Molluscan eye. Indeed, in Alciope , the rods are 
very highly developed, and do not differ essentially from those of 
Pecten, or of the Cephalopods. 

The same modification of the ommatidia has taken place in Alcio- 
pidae as in the Cephalopods. The retinulae have been reduced to a narrow 
collar of rodless pigment cells which surround the neck of each retino- 
phora. The double rod of the latter is very highly developed and con¬ 
tains an axial nerve fibre, which can be traced into the body of theretino- 
phora. These facts render it almost certain that the retinophorae are 
double, as in Mollusca, and therefore we should expect to find two 
nuclei. Graber claims to have found three nuclei in the »Retinal- 
schlanclieiM, as he calls the retinophorae, but it must be understood 
that I do not lay any stress on this fact. for there appears to be no 
doubt that the extra nuclei he saw did not belong to the retinophorae, 
but to the surrounding pigment cells. The second nuclei of the retino¬ 
phorae, that I have shown to be present in Area , Pecten , and Haliotis, 
are bodies very difficult to observe, even in the most carefully pre¬ 
pared sections. The cells must be isolated by maceration, in order to 
demonstrate, with certainty, the presence of the second nucleus. 

The open ends of the rods in the Alciopidae are very interesting, for 
they offer a further confirmation of the supposition that they are double; 
they may be compared with the rods found in Pecten , where we have 
evidence of a former opening, now completely closed, in the fact that 
the central nerve issues from the end of the rod to form the »loops of 
the axial nerve*. It is very probable that the axial nerve of Alciopidae, 
and also that of other highly developed forms, extends through the 
opening of the rods to form »axial loops« similar to those in Pecten. 

The slightly modified ommatidia, found even in the highly develop¬ 
ed eyes of some Worms, render it very probable that the isolated omma¬ 
tidia are present in the scattered pigment areas so often found there. 
This is still more probable when we consider the frequency with which 
eye-like pigment spots occur. I have examined superficially, without 
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sections or maceration, the segmentally arranged pigment spots in Ante- 
rope Candida and Tomopteris (sp. ?), and found that they resembled so 
strongly the ommatidial areas in the Lamellibranchiata, that there can 
be little doubt that they represent aggregations of simple ommatidia. 
Although the cuticular covering is thin, the ommatidia are very sharply 
defined and regular, consisting of rather large, colorless retinophorae 
surrounded by a complete ring of pigment cells. To settle the question 
beyond doubt, it would be necessary to show that the colorless cells 
end inwardly in points, have axial nerve fibres, and contain two nuclei, 
at least one of which is nucleolated. When irritated, Asterope gives off, 
apparently from the colorless cells, a beautiful, emerald green secretion. 
This fact militates against supposing the organs in question to be eyes. 
But it is not improbable that the secretion may be a pathological result 
of the violent contractions, similar to what Chun has described for 
the Ctenophorae, where a strong irritation causes the Chromatophores to 
burst; the contents in this case, however, being forced inwards. 

In theVertebrates,there seems to be little evidence for supposing 
that isolated ommatidia are present. The structure of the so-called 
luminous organs of the Scopelidae is too imperfectly known to allow 
any conclusion as to whether they are composed of ommatidia, or not. 
If they should prove to be eyes instead of luminous organs, we would 
have good reason for supposing that ommatidia are present in the 
general epithelial covering of the body. Sense hair cells may be found 
in all parts of the body, and it is only necessary to bring any part of 
the sensitive epithelium into constant relation with certain agents to 
develop at that point a special organ of touch, taste, or hearing, as the 
case may be. Graber has shown by experiment upon blinded Reptiles 
that the skin has, to a certain extent, the power of distinguishing light 
from darkness. This would lead us to suppose that scattered omma¬ 
tidia were present in the skin. Now if animals provided with scattered 
ommatidia lived in dark places, as at great depth in the sea, then, in 
order to see in the dim light, their visual organs would undergo changes 
by which a diminution in the amount of light would be accompanied 
by a corresponding increase in the area and complexity of the sensitive 
surface, and would probably result in the appearance of numerous eyes 
at various parts of the body. But we have seen, in those cases when 
it was necessary for a great amount of light to be used, or to make an 
economic use of very little light, that reflecting surfaces are developed, 
either in each rctinopliora, behind the rod (. Haliotis , Area etc.), or as 
a continuous membrane behind the inner layer of rods (the argentea in 
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Cardium, Pec ten , and nocturnal, or deep sea Vertebrates). Therefore 
under these conditions, the accessory eyes would also develop to a 
high degree such reflecting surfaces. These reflecting bodies are usu¬ 
ally combined with highly refractive condensing lenses, and both 
together give the organs thus provided a very brilliant sparkle or 
glow, which may be mistaken for independent luminosity. The 
lateral eyes of Euphmma are provided with a remarkably well devel¬ 
oped argentea and lens. 

It is extremely probable that the retina of the Vertebrates 
consists of highly modified ommatidia, whose retinulae have lost 
their pigment and become transformed into ganglionic cells. Some of 
these ganglia, — Landolt’sche Keule and their homologues, — retain 
their primitive position around the base of the retinophorae, or rod 
cells, and constitute, with the nuclei of the latter, the nucleated layer 
between the rods and the basal plexus. The fibres of the latter layer 
may, like the basal branch of the optic nerve in Pecten. consist only of 
axial fibres, and like them enter the retinophorae and extend through 
the centre of the rods as axial nerves. The ganglionic layer of the 
retina is produced by the modification of retinulae into ganglionic cells 
which, instead of wandering away from the retina to form an isolated 
optic ganglion, remain in close proximity to the sensitive rod cells. An 
axial nerve of the rods has already been described by several authors, 
and, as the statements have been received with more or less doubt, it 
may be worth while to say that I have been able to confirm the state¬ 
ment by observation made upon the macerated retina of the dog-fish. 
The basket-work of fibres on the surface of the rods is too well known 
to require any confirmation. Max Schultze (Stiuckers Handbuch der 
Histologie) considers these fibres, which have been isolated toward the 
base of the rods, as forming a part of the connective tissue skeleton of 
the retina. Judging entirely from the facts obtained by a study of the 
rods in the Invertebrates, we consider the external fibres in the Verte¬ 
brate rods to be exactly similar to those found on the surface of the 
rods in Pecten , i. e. ganglionic nerve fibres. The nerve fibres in 
the centre of the rods in both groups, Vertebrates and Mollusca, 
would be axial nerves. To carry out the comparison to its full extent, 
the lamellae of the Vertebrate rods must be produced by the successive 
etages of fibrillae which radiate from the axial nerve toward the peri¬ 
phery of the rod, there uniting with fibrillae from the external fibres. In 
other words, a rod of the Vertebrate retina contains a retinidium ex¬ 
actly similar to that found in the rods of the Mollusca and Arthropods. 
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The axial nerve and the external fibres of the rods in Vertebrates are 
so strikingly like those found in the Invertebrates, that our supposition 
that the retina is formed of modified ommatidia receives some confirm¬ 
ation. But, if we would compare the rod cells with their axial nerves, 
to the double retinophorae of the Mollusca, we must carry out the com¬ 
parison still further, and suppose that the rod cells are double and con¬ 
tain two nuclei, otherwise we cannot explain the presence of the axial 
nerve in the centre of the cell. Now in the rod cells of the Vertebrates, 
we actually do find two bodies, one of which is an undoubted nucleus 
with a nucleolus, and the other a refractive, unnuclear-likc body. We 
find exactly the same bodies in the double retinophorae of Area, Pec ten 
and Haliotis , and in these cases they are undoubtedly nuclei, by the 
fusion of whose cells an external nerve fibre came to lie in the centre. 
Now in the Vertebrates we have the two nuclei, one of which is nucle- 
olated and the other aborted, and the axial fibre, and we can explain 
this condition only on the supposition that the rod cells, like the retino¬ 
phorae of Mollusca, are formed by the fusion of two cells. They then 
have all the essential characteristics of retinophorae, and consequently 
we are justified in supposing that the retina of Vertebrates is formed 
by the modification of ommatidia. 

There is a striking similarity between the structure of the re¬ 
tina in Pecten and that of Vertebrates, due solely to the similarity 
in conditions. If we should shorten the retinophorae of Pecten , so 
that the nuclei came to lie more in the centre of the retina, above the 
rods, then we would have the same conditions found in the simple 
forms of the Vertebrate retina. For instance, beginning at the inner sur¬ 
faces of the retinae there would be in both cases: (F a layer of rods; (2) a 
fibrous layer or membrane (pseudo-membrane of Pecten) separating the 
rods from the overlying cells; (3) the retinophorae with their nuclei, 
and the inner layer of ganglionic cells ( Pecten ), or Landolt’sche Keule 
(Vertebrates); (4) a layer of axial nerve fibres (Pecten), or basal plexus 
(Vertebrates); (5) the outer layer of ganglionic cells (Pecten , or ganglionic 
layer (Vertebrates , and (6) the nerve fibres of the ganglionic branch of the 
optic nerve (Pecten) , or the inner layer of optic nerve fibres (Vertebrates). 

In Pecten , the fifth layer, or the outer ganglionic cells, shows the 
same tendency as in the similar layer of the Vertebrate retina to break 
up into etages of bipolar and multipolar ganglionic cells. 

I do not consider that the frequently present, double rod cells of 
Vertebrates have anything in common with the double retinophorae of 
Invertebrates. 
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Chapter VI 1 . Theoretical Remarks Concerning the Origin and 
Function of Sense Organs and of Animal Pigment. 

Living bodies are distinguished by their power to absorb matter 
and energy, and from them produce high compounds, by whose .disin¬ 
tegration force is liberated as motion. This sequence of events is 
vitality. It consists of four processes: (1) absorption of matter; (2) 
absorption of energy; (3) production of high compounds; (4) the fall of 
these compounds, producing motion. An inseparable result of vitality, 
but not a vital process, is excretion, or the discharge of disenergized 
matter. We have only to deal with the second of these processes, the 
absorption of energy, or dynamophagy, and more especially with 
the absorption of solar energy, or heliophagy. 

The most primitive and universal method of dynamophagy is 
the absorption of solar energy by chlorophyll; but in animals we have 
good reason to believe that various forms of energy are absorbed in 
several ways: (1 ) solar energy, by means of pigment or by nerve fibres; 
(2) energy of sound vibrations, by auditory hairs; (3) energy of coarser 
vibrations, of pressure, contact, or movement, by tactile hairs; and (4) 
that of gases, solutions, or chemical compounds, by means of so-called 
taste cells. All these processes in their higher stages suppose the pre¬ 
sence of a nervous system, and, since the development of nerves and 
sense organs go hand in hand, we must have some idea of how a 
nervous system could have originated, if we would follow the develop¬ 
ment of sense organs. 

Let us suppose that we have before us the simplest form of a multi¬ 
cellular animal, then all the cells will be alike, each performing for itself 
all the functions necessary for its existence; each cell would absorb its 
own matter and the energy, or stimuli, necessary for its conversion into 
living compounds. The relation between the matter and energy ab¬ 
sorbed is a constant one. The cells would tend to vary in two direc¬ 
tions : (1) towards the absorption of more energy, or (2) of more matter. 


1 The following chapter is not so much an attempt to discuss the evidence for, 
or against any conclusion, as to make clear my own opinion upon the subject. With 
this object in view, I have omitted the discussion of several doubtful questions, 
and I have also made preparatory suppositions, which it is neither the place nor 
my intention to discuss here. My statements have been made positive for the sake 
of brevity and clearness, but they must be regarded as suggestions, for which I 
can, as yet, bring no proof, rather than as positive assertions. 
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But if a cell absorbs more matter than it has energy to transform , the 
matter will remain stationary unless the necessary stimulus is brought 
from those cells which receive an excess of energy, or stimuli. But the 
excess of energy in the one cell would not be lost, but transferred to 
others near it, by mere contact. This would be the first step in the trans¬ 
formation of indifferent cells, or those in which the entire sequence of 
events called vitality is fulfilled, into those which perform only a part 
of this process. As soon as an indifferent cell absorbs more 
energy than is necessary for its own vital processes, it be¬ 
comes a dynamophagous, or sense cell. Those which absorb 
more matter than is necessary for themselves become hylophagous. 
The origin of the latter is not so simple as that of the former, since it 
was the result of two distinct processes: (1) the direct absorption of 
matter by certain cells: and (2) the deposition in them, by the gene¬ 
rating body, of matter, before they were capable of independent motion. 
To follow these two processes is not at present our object, only in so 
far as they have to do with the origin of the sense cells. We have said 
that the transfer of energy from a dynamophagous cell to a hylopha¬ 
gous one was, at first, by simple contact, and it follows that the two 
cells must be developed side by side. Our supposition of an indepen¬ 
dent group of indifferent cells was only to make our meaning clear, for 
it is very probable that no such condition ever existed. We see in many 
Protozoa a constant differentiation of one pole from the other, so that 
the so-called animal functions are confined to one end, and the vege¬ 
tative to the other. According to the laws of division, or of segmen¬ 
tation, such a bipolar cell would never give rise to a group of indifferent 
ones, but to a bipolar body, the relation of the poles in the single cell, 
and in the group of cells, remaining the same. Therefore, in the sim¬ 
plest, multi-cellular animal, the cells are already differentiated, the 
vegetative ones being confined to one pole, around which the energiz¬ 
ing, or sense cells, would form a ring. This condition is realized in 
the simplestCoelenterates. In the simplest condition, the distance be¬ 
tween the organs receiving stimuli and those giving them, or sense or¬ 
gans, is not great, so that the latter perform a double function: (!) 
receive the stimuli from without, and (2) conduct them to the necessary 
centres. Such organs are very commonly found in the Coelenterates and 
Molluscs, and consist of slender cells with large, basal, and nucleolated 
nuclei, ending externally in sensory hairs and internally in long, sensi¬ 
tive fibres (in Mollusca, usually a single one) whose exact method of 
termination is unknown, but from theoretical reasons there can be but 
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little doubt that they terminate either in contractile, or digestive cells, 
within the body (PI. 32, fig. 153, c. cl. e.). 

After, or coincident with, the production of digestive and sensi¬ 
tive cells, certain of the still indifferent, and probably ciliated ones, 
developed internal, amoeboid processes whicli were capable of contrac¬ 
tions caused by stimuli received from without. The contractile powers 
of a single cell can only increase at the expense of the sensitive ones. 
It is not unreasonable to suppose that two cells situated close together 
would possess, in unequal degrees, the power of sensitiveness and con¬ 
tractility; but the more one cell became contractile, the more it would 
lose its power of receiving direct stimuli, and would tend to absorb 
them from that cell which had the sensitiveness to an unusual degree; 
two such cells would then become dependent upon each other, the one 
increasing in contractility, and losing its power of receiving direct 
stimuli , while the other would lose its contractility and gain in sen¬ 
sibility in the same proportion. The sum of the labor performed by both 
cells in the indifferent condition would exactly equal that performed by 
the two specialized ones. The communication between the two cells 
would be at first one of ordinary contact. But in proportion as the con¬ 
tractile cell became more contractile, those parts devoted to this pur¬ 
pose, i. e. the inwardly directed processes, would be more developed, 
while there would be a corresponding diminution of the outwardly di¬ 
rected part, or that necessary for receiving impressions. In its com¬ 
panion cell, the sensitive one, the reverse would be the case. As the 
contractile cell moved more toward the interior, it could retain its con¬ 
tractility only as long as it received stimuli from without; it could 
therefore never separate itself from its partner, the sense cell, to whose 
aid it owes its contractile powers. The contractile cell would, there¬ 
fore, draw with it a part of the sensitive one, which, since it must 
necessarily remain in contact with the outer world, would be drawn 
out into a long fibre, its line of communication with its cell partner. 
The two cells have now reached an unequal degree of differentiation, 
since the contractile one is entirely adapted to contractility, while the 
sense cell has not only to receive direct stimuli, but transmit them 
to its partner. This is an obvious disadvantage, and steps are soon taken 
to avoid it. In the Mollusca, as well as in the Coelenterates, we have 
seen that the more highly sensitive the sense cells are, the thinner they 
become, until they finally communicate with the outer world by a very 
fine bunch of sense hairs, while the cell body is reduced almost to a 
fibre. We have also seen how the fine prolongations of the sense cells 
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in the retina of Pecten produce very fine lateral branches, which become 
attached to neighboring sense cells. The same process takes place upon 
the epidermis, so that one of the slender sense cells (PI. 32, fig. 153, d), 
which still retains its sense hairs, becomes united to a neighboring 
sense cell (e) by fine fibres. The advantage thus gained is too great to 
be left undeveloped, therefore the cell (/) assumes more and more the 
sensitive roll, while (f x — 2 ) gradually losing its sense hairs, and there¬ 
fore the power of receiving direct stimuli, only transmits the stimuli re¬ 
ceived from (/). We have now reached the last change in the develop¬ 
ment of these cells; all are reduced to the same level, since each is 
subservient to a single function. The most highly developed sensory, 
nervous, and contractile systems are only modifications of the condition 
represented by these three cells. The cell (/) is the sense organ (s) 1 , the 
muscular system, and {f l — 2 ) the nervous centre, which is connected on 
the one hand with the receptive centre for energy, or the sense organs, 
and on the other, with the contractile centre, or organs of motion. The 
specialization, or growth of all three systems must go hand in hand; 
increase of one is life to the other, the loss of one, death to the other. 

Sensory, muscular, and nervous systems must primarily have 
originated from the same areas, and the growth of one in a given di¬ 
rection is followed by that of the other. 

As the origin of purely sensitive, and of conducting cells, took 
place after the origin of purely contractile ones, so we find, even in 
highly developed forms, a more intimate connection maintained between 
sense organs and nervous centres, than between the contractile centre 
and either of the other two. The above described differentiation gave 
rise to four sets of cells, which may be divided into two similar groups: 
A 1 , the hylophagous cells, situated at the vegetative pole of a spherical, 
or ovoid, multicellular animal; A 2 , contractile cells forming a ring 
around the vegetable pole; and a third ring, outside of, and concentric 
with the other two, consisting of (B 1 ) sense, and (B 2 ) nervous cells. The 
remaining part of the body would be composed of nearly indifferent 
cells. 

The continual transformation of sense cells into conducting, or 
ganglionic ones, with deeply situated nuclei, gave rise to a ring of 
ganglionic cells whose union with each other and with the contractile 
cells became more and more complicated. 

A sense organ is a collection of cells for the reception 


1 Unfortunately, not represented in the figure. 
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of energy. The sensitiveness of the organ depends upon 
the number of sense cells which have at that point been 
converted into nerve fibres, or ganglionic cells, and may be 
approximately estimated by the size of the group of gang¬ 
lionic cells thus formed by the modification of sensory ones. 

We have spoken of the cells modified for the reception of the en¬ 
ergy absorbed. We consider that dynamophagous organs are of two 
natures; those formed by the modification of ciliated, and those formed 
by the modification of pigmented, or chlorophyll cells. The former 
receive energy in the shape of coarse movements of the surrounding 
medium, or of fine vibrations like sound: and the latter, the still more 
subtle vibrations of light. 

First, let us make a proposition, which we advance simply on the 
grounds of its plausibility and the difficulty we have found in explain¬ 
ing certain facts in any other way, viz.: Animal pigment, 
especially that of colorless plastids contained in the living 
protoplasm of external, epithelial cells, is not a waste 
product formed by the solar decomposition of protoplasm, 
nor is it a protective covering, but a living substanee with 
a physiological activity necessary for the animal, and de¬ 
pendent for this activity upon the presence of the sunlight. 

These pigment granules are modified chlorophyll 
granules, and like them have the power of absorbing solar 
energy. 

There is little reason for supposing* that pigment is a produet of 
decomposition. In plants, where it is well known that, under the in¬ 
fluence of the sunlight, a constant decomposition is in progress, there 
are no pigmented waste products; neither is there any color produced by 
the decomposition of dead animal matter in the sun, while all other 
well known waste products, such as earbonie aeid gas, sulphides, am- 
moniates, and ureates, are formed in abundance. The supposition that 
pigment is a waste produet of solar energy is not so different 
from my own, as the supposition that pigment is simply a dead pro¬ 
tective covering; for it is of little eonsequenee, for the present, 
whether we regard the pigment as a waste product of solar 
energy, or as the receptive agent for the solar energy, so long 
as we admit that the sunlight has an important beneficial 
effect upon animal protoplasm. Most epithelial pigments, not 
modified for special purposes, are very unstable, and therefore eannot 
be regarded as waste products. In some eases they are extremely resis- 
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tant, but they then have a simple, protective function, as we hope to 
show later. 

The pigment found deposited in the cells of the lower animals, such 
as Protozoa, Coelenterates and Crustacea, cannot be a merely protec¬ 
tive coloring, for in innumerable cases it has just the reverse effect. 
Among pelagic animals, otherwise perfectly transparent, regularly 
distributed chromatophores containing red, brown, or black pigment 
are widely present. These chromatophores, according to the theory 
that pelagic animals are transparent in order to escape notice, must be 
a decided disadvantage. They are highly sensitive to changes in the 
amount of light. Mayer (83) has shown that the chromatophores of 
Crustacea are not only sensitive to the amount of light, but are 
under the control of the will. This fact is of interest, since we must 
suppose that, originally, the action of the chromatophores was involun¬ 
tary and dependent upon irritation from without. I have myself 
observed the slow modifications in the,shape of the beautifully star¬ 
shaped chromatophores of Beroe ovata , produced by changes in the in¬ 
tensity of the light. 

It is well known that pigment, like chlorophyll, is dependent for 
its existence upon the sunlight; animals living in absolute darkness, 
as in caves, being colorless. It is very probable that the color of 
animals depends upon the color of the light they receive, those receiv¬ 
ing sunlight directly, without reflection, showing a tendency to have 
dark, or black pigment, or to be transparent, as in pelagic animals; 
those living upon green objects being green, etc. That this coloration 
is not due primarily to natural selection is shown by the remarkable 
modification in color undergone by those animals kept in confinement, 
the change being due without doubt to the change in color of surround¬ 
ings, and hence the color of light received, rather than to changes in the 
amount or quality of nourishment. The absence of color in those ani¬ 
mals which live in absolute darkness, as in deep eaves, is very signi¬ 
ficant. It would be of great value to show whether any colorless cave 
animals regain to any extent their pigment when brought into the light. 
That cave animals are colorless and blind is in direct contrast with the 
fact that animals from the deep sea, where there is, presumably, no 
light, are often provided with large visual organs, and are almost in¬ 
variably intensely colored with red and purple pigments. If then this 
color of the pigment depends upon the nature of the light received, and 
there seems to be very good reason for believing it, then we must 
suppose that certain rays of light, the red, purple and ultra-violet ones, 
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really do penetrate to the bottom of the deep seas, causing the brilliant 
coloration of the animals inhabiting those places. This supposition would 
also account for the enormous development of the eyes, or of the so- 
called aluminous organs^ of deep sea-fishes. 

Protozoa are highly colored and contain pigment of all shades 
from green and red to black. But this coloration cannot be regarded 
as protective in the sense of making them less easily seen, since they 
are so small as to be invisible, in most eases, to their enemies. 
Their number does not depend hardly at all on their animal enemies, 
but upon the amount of food and their power to withstand great 
changes in the amount of heat and moisture. But we know that these 
animals, as well as nearly all others, are greatly influenced by, or de¬ 
pendent upon the amount of sunlight; the effect it has upon the highest 
Vertebrate animals is too well known to require any confirmation. We 
cannot suppose that the light affects all parts alike, there must be some 
organs, or substances, particularly affected by it. Of all living organisms, 
plants are most dependent upon the sunlight for their energy, and their 
pigment, or chlorophyll, is without doubt the substance affected by 
sunlight. We know that animal pigment like that of plants is depen¬ 
dent upon the sunlight for its existence, that it is extremely sensitive 
to changes in the quality and quantity of light, and since animal pig¬ 
ment cannot be regarded as a waste product, or as a protective cover¬ 
ing, except in special eases, the only rational supposition is 
that pigment is the substance in animals directly affected 
by the sunlight. But what is this effect of the sunlight? It must be 
either injurious, or beneficial to the animal. The almost universal 
dependency of animals upon the sunlight makes it absurd to suppose 
this effect to be an injurious one. The experiments of Romanes 
and Graber (81) show that many Coelenterates and Echinoderms are 
heliotropic i. e. they select those places best provided with light. I have 
myself noticed the same property in certain species of Starfish, Aste- 
rias glacialis , which always occupy the side of an aquarium next the 
window. A species of Ascidian, Clavellina , that I have often observed, 
almost always has its free extremity directed towards the light. Pecten 
Jacohaeas and P. opercularis , nearly always has its open side directed 
towards the light; I believe that the same is true of Cardium , Per - 
tunculus and Avicula , although my observations upon these three 
genera were too scanty to be of much importance. It is well known that 
very many Copepods and Cladocera show a decided preference for the 
best illuminated side of ajar. The same is true of innumerable larvae 
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and Protozoa. Moreover we know that light is of the utmost importance 
for the continuation of plant life. These considerations . together with 
innumerable others, render it almost certain that the effect of sunlight 
upon the animal organism is a beneficial one. We have, therefore, ar¬ 
rived at the conclusion thatpigmentisthereceptacleofthc 
beneficial effects of the sunlight upon animal organisms. 

The most modified form of pigment is probably black: between 
this color and the brown, yellow, and green, there is a complete grada¬ 
tion. We find the yellow and green colors most abundant in the lower 
animals, while the black and brown are less common. 

In the development of the higher animals, as in Mollusca, the 
pigment first appears as colorless granules, or plastids, 
which become yellow, yellowish green, brown. and finally 
black. 

In the Protozoa and even in some worms, a green pigment re¬ 
sembling chlorophyll, and probably having a similar function, is found. 
These facts: (1) the tendency of pigment granules to form many inter¬ 
mediate stages between undoubted animal pigment and plant pigment, 
and consequently the difficulty in many cases of distinguishing between 
the two; (2) the greater resemblance, in its early stages of development, 
of highly developed animal pigment to chlorophyll; and (3) the almost 
complete identity in function between animal, and plant pigment, lead 
us to conclude that animal pigment and chlorophyll, are ex¬ 
treme modifications of the same structures. We can therefore 
say that chlorophyll absorbs from the sunlight the energy necessary 
for the transformation of inorganic into organic matter; without this sup¬ 
position vegetable matter would be a living contradiction to the theory 
of conservation of energy, for we would have to suppose that vegetable 
protoplasm itself could create the force necessary for the conversion of 
inorganic salts into organic matter. But the same reasoning will apply 
equally well to animal protoplasm; it, also, must absorb, in some 
way, the force necessary for the conversion of matter into higher com¬ 
pounds, and one way of doing this is by the absorption, not merely of 
heat, but of chemical rays, or more simply, of energy from the sunlight. 
In plants, this sun energy is used in the chlorophyll grains, for in them 
the production of organic matter takes place. But in animals it is 
probable that the pigment granules are only the receivers of the energy, 
the heliophags as we shall call them, while this energy is transmitted 
by nerve fibres to centres where it is consumed in the production of 
protoplasmic compounds. When a sufficient amount of energy has been 
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accumulated in this manner, it is suddenly discharged, in large or small 
quantities, in the shape of motion. In all except the very lowest animals, 
the energy liberated as motion more than equals that absorbed directly 
from the light; for this motion is the sum of the energy absorbed by 
the animal from the sun, and that which was absorbed by plants 
in the production of suitable food for the animal. We can say that 
vegetable protoplasm times sun energy and inorganic matter, to the 
n tb power, equals x organic matter. Animal protoplasm times organic 
matter and energy, to the n tb power, equals motion and inorganic matter. 

Plants store energy; animals convert it into motion. 

Heliophags, or sun consumers, are found in animals as well as 
plants. In the latter instance, they are usually present as chlorophyll 
granules, which, in some zoospores of the lower plants, are spe¬ 
cially modified to form red pigment spots, usually situated near the 
ciliated pole of the spore. They probably represent modifications of 
chlorophyll adapted for the consumption of especially large quantities 
of sun energy. Such spores are extremely active and heliotropic. In 
Protozoa, we also find special modifications of the pigment, or of the 
chlorophyll, to form »red eye spots«. They likewise have a tendency to 
be formed at the animal pole, where the vital processes are presumably 
most active. In the Coelenterates and Echiuoderms, we have pigment 
spots which, without doubt, are homologous with, and have the same 
functions, whatever they may be, as those seen in Protozoa, and in the 
zoospores of certain plants. The pigment, always red but occasionally 
containing black, is here deposited in special cells in such a manner, 
however, that their relation with the simpler eyes of the Mollusca and 
Worms is placed beyond doubt. 

Now we have already come to the conclusion that pigment and 
chlorophyll are different phases of the same substance, and have essen¬ 
tially the same function, i. e. absorption of the chemical rays, or of the 
energy of the sun. But we can show, by a comparison of the lowest 
forms of ocelli, such as those formed in Protozoa, Coelenterates and 
Echinoderms, with those of still higher forms, that the ocelli are the 
bodies of all others which stand in most intimate and dependent rela¬ 
tion with the sunlight; but they are especially characterised by the 
high form of pigment that they contain; therefore we are led to suppose 
that the red and black pigment, but principally the former, have in the 
highest degree the power of absorbing energy from sunlight. If this 
be true, then the accumulations of pigment cells, called ocelli, 
are organs especially adapted for the absorption of sun 
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energy. Tliis supposition of course rests entirely upon our former 
conclusion that animal pigment in general performs a physiological 
function, and like chlorophyll, absorbs energy from the sunlight. 

This conclusion appears more reasonable to us on account of the 
many difficulties which may thus be accounted for, as well as the im¬ 
possibility of explaining these difficulties in any other manner known 
to us. In the first place, I believe that no explanation of the function 
of the ocelli in Coelenterates , Echinoderms, and in such Mollusca as 
Chiton, Onchidium , and Area, will be of any value, which does not in¬ 
clude the ocelli or pigment spots of Protozoa and plant zoospores. Now 
to suppose that these ocelli simply distinguish light from darkness is 
absurd, for we cannot in any case suggest any reasonable necessity for 
such a power. No one can fail to be impressed by the interesting ex¬ 
periments of Romanes, who has shown that Medusae will collect with 
great avidity around a ray of sun-light entering a darkened jar. No 
one would suppose that they enter the light in order to see it! But on 
the contrary because they receive some benefit from it. But 
how can this benefit be any other than that received by plants from the 
sunlight, i.e. energy? Surely no Medusa could escape its enemies or ob¬ 
tain its food any easier with ocelli than without them. But it is possible 
that it might be able to distinguish with them whether it is at the sur¬ 
face or at a considerable depth, and could then sink to avoid storms, 
or rise to obtain food. But if we apply this reasoning to Area or Pectun - 
cuius , it will not work, since both are incapable of motion, while Area 
is permanently attached by its byssus. Neither can it be shown that 
Onchidium uses its innumerable eyes to escape its enemies — in spite 
of the reasoning of Semper — or to obtain its food. The same diffi¬ 
culties apply to Chiton , which is also provided with innumerable eyes 
in all stages of development; and there can be no doubt that there are 
many more animals, as yet imperfectly known, which possess so-called 
eyes as numerous and as anomalous as those found in Chiton, Onchi¬ 
dium, Area , Pectuncalus , Cardium and Pecten, as well as those of many 
Echinoderms and Coelenterates. 

A supposed explanation of these eyes, widely current and apparent¬ 
ly generally accepted, is that they are organs for the perception of heat, 
and that by gradual changes they developed into organs for the per¬ 
ception of light. But I believe it would be perfectly safe to challenge 
any one to show what advantage it would be for a Protozoan, Coelen- 
terate, or Mollusc, to perceive heat! This theory arose from the fre¬ 
quent presence of black pigment in many less complicated eyes, and 
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consequently it required no great effort of the imagination to suppose 
that the black surface absorbed the heat, and produced an impression 
upon the animal. But this supposition was founded upon ignorance, or 
blindness to the fact that by far the majority of the simplest eyes 
contain only red pigment, which, as far as we know, has no special 
power to absorb heat. 

Even if we grant that the ocelli distinguish the amount of heat, or 
even light from darkness, neither supposition would furnish any ade¬ 
quate explanation of the hundreds, and, in some cases, thousands of eyes 
present in certain Coelenterates and Molluscs. If, according to the exist¬ 
ing suppositions, it is difficult to ascribe any function to these numerous 
ocelli, and therefore any necessity for their existence, it is infinitely 
more difficult to imagine any sufficient cause for their creation! But 
I think that it will be generally admitted that all these difficulties are 
removed, or at least rendered comparatively easy to explain, if we 
accept the suppositions we have advanced in these pages. 

We have offered some reasons for supposing that (1) animal pig¬ 
ment has a physiological activity beneficial to the animal; (2) the ac¬ 
tivity, and existence of the pigment, depends upon the presence of sun¬ 
light; (3) that animal, and plant pigment, or chlorophyll, represent two 
phases of the same substance, and have essentially the same function, 
i. e. the absorption from the sunlight of the energy necessary for the main- 
tainance of vital processes; (4) that the highly modified plant or ani¬ 
mal pigment, or the red pigment which we shall call ommerythrine, 
has this property to a special degree. According to these suppositions 
we have no difficulty in ascribing a necessary function to the sim¬ 
plest ocelli, neither is there any difficulty in tracing an uninterrupted 
series of changes from collections of pigment or chlorophyll granules, 
to an undoubted ocellus, and these changes necessitate a corresponding 
increase of advantages to the animal. We may also follow the devel¬ 
opment of the simplest ocellus from a red pigment spot of the plant 
zoospores, to the most perfect Vertebrate eye, without a break in the 
functional activity of the organ, or in the advantage gained from it by 
the animal. We can also trace a complete series of changes 
from the absorption of light energy by means of pigment, 
or by nerves, up to the perception of light. We are also enabled 
to account for the increase in the number of the organs in various 
groups of animals and their subsequent diminution in numbers. It also 
furnishes us with the only adequate explanation of the number of highly 
developed eyes in Pecten. For instance, in ascending from the Protozoa 
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to the Coelenterates and lower Molluscs, a gradual increase in tlie 
number and complexity of these organs is very easily understood, since 
the more there are, the better it is for the animal. This process would 
go on until by a very gradual series of changes they were converted 
into organs capable of perceiving objects, or fine differences in the gra¬ 
dation of light. There would be a tendency for all of the organs to be 
modified in the same direction, until finally they are converted into 
many structural eyes (as in Pecten and Area). But under general cir¬ 
cumstances, the number of eyes necessary for an animal is very small, 
so that a degeneration would set in by which the organs would be re¬ 
duced in number. Such appears to be the case with Pecten and Area . 
But in many instances it is supposable that the degeneration would not 
be rapid, for both functions would be held at once; there would 
be too many eyes for seeing, but not too many for the absorp¬ 
tion of energy. For instance the amount of energy absorbed would 
depend upon the most perfect condensation of light upon a given area; 
as we shall see later, this energy is absorbed in the higher forms, directly, 
by especially modified nerve fibres. Thus it happens that an organ 
most perfectly adapted for the condensation and absorption of the 
greatest amount of energy, is likewise perfectly constructed for the 
perception of objects. The formation of an inverted image in a visual 
organ is an incidental result of the most advantageous con¬ 
centration of light; but this is just the condition essential for 
the most perfect heliophagous organ. Therefore we have an 
organ that can perform to great advantage two functions at 
once; this is the essential, and only possible condition, upon 
which we are able to explain the change of function in organs. 
However perfect the conditions might be for the perception of objects, 
no true visual organs would be produced, and therefore no perception 
of objects, until the various systems of organs were sufficiently deve¬ 
loped for the performance of this highly complex process. The con¬ 
struction of the eye of Charybdaea , is sufficiently perfect for the per¬ 
ception of objects. But if we imagine the most perfect Vertebrate eye 
attached to a Coelenterate, there could never be any perception until 
other faculties were developed in the highest degree. There is a 
greater difference between the most simple and most complex Vertebrate 
retina, than between the most simple Invertebrate one and that of 
Pecten. In fact, the latter excels in complexity that of the lower fishes, 
or of certain reptiles; it also possesses an advantage over the retina 
of all Vertebrates in the absence of a blind spot. 
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A simple form of heliophag is a red pigment spot usually situ¬ 
ated near the animal pole of a single cell (zoospores and Protozoa). In 
such eases, no nerve fibres ('?) are present, and therefore these receptacles 
of energy are situated near, or in the centre, of animal activity, that is 
in the centre of the greatest consumption of energy. In the Coelen- 
terates they are necessarily situated near the nervous system, for the 
latter is simply an accumulation of ganglionic cells arising from the 
ocelli and other sense organs to be spoken of later. The ocelli consist 
of colorless and pigmented cells. The latter are, in nearly all cases, 
pigmented at their outer ends, and if we suppose, as we have good 
reason to, that the same method of nerve endings prevails here as in 
the Mollusca, then there will be the retia ter min alia of nerve fibres 
over the outer ends of the pigmented cells, and therefore exactly in the 
position necessary to receive the light stimuli given to the pigment, and 
.carry them to the necessary centres. 

We often hear it said of any pigmented spot that it is not an eye, 
but simply a meaningless collection of pigment. No good reason can 
be given why this should be called a mere pigment spot, and that an 
eye. We cannot say that one is a pigment spot on account of the ab¬ 
sence of nerves, and the other is an eye spot because it is supplied with 
nerves, because it is to be presumed that nerve fibres of some kind 
are everywhere present in the skin; and moreover the instances in 
which actual nerve endings have been proved to be present or ab¬ 
sent in pigmented areas of doubtful meaning arc extremely few. For 
instance, one of the pigmented cells in the skin of Beroe or of Phro- 
nima would be considered as pigment spots, but an exactly similar spot 
on the head of a worm or of a larval Mollusc would be an ocellus! I think 
it would puzzle those who believe that pigment is a waste product to 
attempt to define the difference in the function of a pigment spot like 
that found in the skin of Phronima , or in the velum of a larval Poly- 
gordius , and a simple eye spot or ocellus like that in some Protozoa, or 
in larval Worms, Molluscs, etc. 

In the development of ganglionic, from sense hair cells, we have 
said that the former were sense cells too delicate for the direct recep¬ 
tion of the coarser vibrations, and therefore they were modified for 
conducting sensations, and other sense cells, for the direct reception of 
them. This process is somewhat modified for the reception of the 
most delicate of all vibrations, that of light, in that in the higher 
forms it is probable that the nerve fibres alone receive the light vi¬ 
brations. 
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In the simplest heliophags . the red pigments play the most prom¬ 
inent role. 

With the accession of more nerve fibres, an increase in their sen-** 
sibility, and a more advantageous arrangement, they are enabled to 
receive the light vibrations directly, without the intervention of pigment. 
It then becomes difficult to distinguish between pigment destined for the 
reception of energy, and that for secondary, protective purposes. 
What might, perhaps, furnish a rather uncertain criterion as to the 
nature of the pigment, would be its solubility. Chlorophyll, as is well 
known, is extremely unstable, and soluble in many fluids, even in water, 
but more especially in alcohol. The pigment of the lower animals is 
very often soluble in alcohol, the red pigment, almost without excep¬ 
tion. The red pigment in the eyes of starfish is entirely dissolved by 
alcohol (Carriere). In Cardium this is also the case as well as in Pecten 
(at least sections of Pecten eyes, killed only with alcohol, were colorless). 
Sections of the red pigmented eyes of Euphausia , treated only with 
alcohol, are also colorless. The red coloring matter in the rods of the 
Vertebrates, is destroyed even by a short exposure to the sunlight. But 
it is well known that the pigment in certain compound eyes is extra¬ 
ordinarily difficult to dissolve. Such pigment is undoubtedly of a pro¬ 
tective nature, as we have various reasons for believing. The pigment 
spots of Phronima are dissolved with sublimate, so is also the brownish 
red pigment on the wart-like papillae in the skin of Pterotrachea , as 
well as the black pigment of the eye. It can be no mere accident that 
the eye-spots of zoospores and of almost all Protozoa, Coelenterates, and 
Ecliinoderms, should be red as well as the tapetum of the eyes of Pecten , 
Alciopa , and Euphausia . Wherever the eyes appear to be entirely 
black, they will probably be found to contain a mixture of red and 
black pigment, producing brown, or the red pigment will be found in 
the rods alone. It also appears that the red color, like the reflecting 
surfaces, is best developed in the eyes of nocturnal, or deep sea ani¬ 
mals. 

The appearance of retinophorae, and the arrangement around them 
of pigment cells, is an extremely primitive and universal arrangement. 
In the Coelenterates, the retinophorae seem, from their shape and general 
appearance, to be true sense cells. It seems to be a general law that all 
sense cells are colorless. 

The most economic distribution of a given number of pigmented, 
and sense cells upon a given area, so that each pigment cell should 
touch a nervous one, would be the arrangement of the pigmented cells 
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iu a single circle around each colorless or nervous one: then, since the 
nerve fibrillae are distributed over the walls of the colorless cells, they 
would come in contact at all points with the pigment of the surrounding 
cells. This might possibly account for the first appearance,of the om- 
matidia; but I am inclined to regard the subsequent, progressive develop¬ 
ment of the retia terminalia overying the colorless cells, as being due, as 
already remarked, to the appearance of the refractive granules, in con¬ 
sequence of which the overlying nerve fibrillae, or the retinidium of 
the retinophora, became doubly irritated, by the incident rays, as well 
as by the same when reflected by the refractive plates or globules 
beneath. The rods of the retinophorae owe their predominant devel¬ 
opment not only to the underlying reflectors, but also to the presence 
of the axial nerve, which reached its position by the union of two 
adjacent cells, and the disappearance, partial (Insects, Crustacea etc.) 
or complete (Pecten, Cephalopods, etc.), of the apposed cell walls. This 
axial nerve permits the most economic arrangement in etages 
of radiating fibrillae, which are always at right angles to the 
direction of the rays of light. By the concentration of the latter 
at varying levels, perfectly distinct impressions would be produced, a 
result that could not be obtained by simple and vertical axial fibres. 

The retinophorae, without exception, seem to be double in the 
Mollusca, and probably in the Worms as well. In the Coelenterates, 
they appear to be single, but it is not improbable that a closer examin¬ 
ation would in some cases show them to be double also. That the 
retinophorae are double in the Vertebrates we have the very best rea¬ 
son to believe, owing to the presence of the axial nerve fibre and the 
two nuclei. 

A moments consideration will show that »rudimentary« eyes are 
not the only dynamophagous organs of the lower animals. The numer¬ 
ous otolithic sacs found in certain Coelenterates have been regarded 
as rudimentary hearing organs; but I think it would puzzle any one to 
explain why it is necessary for a Medusa to hear. It is absurd to sup¬ 
pose that these organs enable them to escape their enemies better , or 
to obtain more food. If it is difficult to ascribe any adequate function 
to these organs, which have, even in the Coelenterates, reached a high 
stage of development , how much more difficult is it to discover any 
sufficient explanation of how , and by what agency they reached their 
present development, or how they were first brought into existence. 
For although an organ for the transmission of* sound vibrations into 
corresponding nerve sensations is very useful to the higher animals, 
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which are able to distinguish between the different kinds, 
it would be absurd to suppose that a Coelenterate, with its simple 
organization, could make a similar use of such an organ. 

Surely, then, these otolithic sacs cannot function as auditory organs, 
in the ordinary sense of the term; but that they are homologous with 
them, or have an analogous function, i. e. the reception of vibrations, 
is beyond doubt. We arc therefore compelled to assume that they, like 
the eyes, are structures which have, or may have, two different func¬ 
tions ; that construction most advantageous for the performance of the 
first being likewise most favorable for the performance of the second. 
When the structure of the organ reached this condition, equally favor¬ 
able for the performance of either function , then the transfer of func¬ 
tion took place. 

The difficulty of accounting for these organs according to the 
generally accepted, or prevalent views has led me to explain their 
existence by supposing that they are not organs by which the animal 
becomes cognizant of certain vibrations, but organs for the recep¬ 
tion, and for the conversion, of these vibrations into nerve 
stimuli. Upon these stimuli, together with those received by other 
organs, depends the entire activity of the animal. There is no such 
thing as voluntary muscular contraction in these simple organisms. 
All the contractions depend upon stimuli received from 
without, and which are carried by the nerves to the con¬ 
tractile organs; however slight these irritations are, still 
they are forms of energy and just the energy, or force, 
necessary to liberate that potential energy contained in 
complex protoplasmic compounds, in the shape of motion. 
The stimuli may also be used for the concentration of the energy 
contained in comparatively large quantities of matter into a much 
smaller volume. Additional stimuli liberate the energy as motion. It 
is very probable that all sense hair cells convert the energy of move¬ 
ment, or coarser vibrations, into nervous stimuli. 

The amount of work done by these stimuli depends upon the 
amount lost in receiving and transmitting them, or, in other words, upon 
the delicacy of the sense cells and nerve fibres. Therefore the isolated 
and unprotected sense cells tend to accumulate in groups, sheltered in 
pits or sacs. Accessory bodies in favorable positions, as otoliths, are 
added to incorporate the vibrations, so to speak. Now a Medusa may 
possess an otolithic sac capable of recording to perfection the finer 
vibrations, and converting them into corresponding nerve sensations; 
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but little more could be said of any auditory organ; yet, in spite of this 
fact the Medusa would be infinitely removed from hearing. But such 
a structure could at once become a true auditory organ as 
soon as the animal was sufficiently organized to distin¬ 
guish. by association, certain vibrations from others, so 
that some would cause contractions, and others, equally 
strong, would not. This definition is an arbitrary one, but it ap¬ 
pears probable that some such change must have taken place in all audi¬ 
tory organs, at one time or another, just as in the eye. It would be, 
however, extremely difficult to decide, in innumerable cases, whether a 
certain animal with an otolithic sac simply received a constant current 
of stimuli through it, or whether it was able to associate certain kinds 
of vibration with certain conditions, so that different muscular contrac¬ 
tions would follow. This, however, carries us away from our subject 
into the uncertain domain of the origin of the will. 

Physiologists consider that the constant semi-contracted condi¬ 
tion of the muscles in the human body, is due to a constant stream of 
impressions, however minute, received from the skin and sense organs. 
It is a well known fact that the otoliths of a great many Mollusca 
and Worms are in a constant state of vibration, so that a stream 
of energy must be transmitted, by the sense hairs receiving the blows 
of the otoliths, through the nerves, to the various centres where the 
consumption of energy takes place. 

Another form of sense hair cells is that which records the impres¬ 
sions produced by various changes in the chemical composition of fluids 
or gases, giving rise to the perception of taste or smell. These pro¬ 
cesses arc much more obscure than those of hearing. Smell and taste 
cells are, undoubtedly, modifications of the same elements, for function¬ 
ing under different conditions: the distinction between them is without 
doubt, wanting in the Invertebrates, and possibly in many Vertebrates. 

It is possible that the so-called olfactory pits of the Coelen- 
terates, Mollusca, and Worms arose as modifications of ciliated respi¬ 
ratory cells. Let us suppose a patch of ciliated cells, either used for 
locomotion or respiration; now it is known that in some way or other 
carbonic acid gas acts as a stimulus, and causes, for a certain time, 
renewed activity; it is not improbable that other noxious substances 
would produce the same effect. It is also probable that some of the 
cells would be more affected by certain compounds than others. Such 
cells, from being at first simply stimulated by certain fluids or com¬ 
pounds, would, by a series of changes exactl } 7 similar to those under- 
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gone by the auditory and visual cells, be converted into cells especially 
sensitive to these changes. 

We have already seen how constant the two kinds of cells are in 
the lower forms of eyes, and how a single or compound sense cell is 
surrounded by pigmented ones. A remarkable similarity maybe found 
in the arrangement of those sense cells supposed to have the function 
of testing the chemical composition of the water. 

Over a year ago, before the present paper was thought of, I made 
some studies upon the sense papillae of Mollusca, especially of Pecten 
and Tlaliotis , and, in looking over the drawings then made, I find that 
they confirm, in general, my conclusion concerning the structure and 
innervation of the sense cells, and their gradual transformation into 
ganglionic ones. There are several points which I desire to examine 
once more before publication, but one or two facts will be of interest to 
us here. In Tlaliotis, each papilla contains a central core of twelve 
sense cells ending inwardly in as many single fibrous prolongations, 
while their distal extremities, just beneath the tip of the papilla, are 
fused into a single, protoplasmic mass. The tip of the papilla is sur¬ 
rounded by a perfect circle of numerous, stiff sense hairs, each of which 
is connected with the fused ends of the sense cells by a minute fibre. 
The wall of the papilla is clothed with trumpet-shaped sense cells end¬ 
ing in single fibres. Each papilla also contains S very large, club-shaped 
and gland-like cells filled with innumerable, but distinct, refractive 
bodies, and extending the whole length of the papilla, terminating at 
the outer extremity in a bent end. They form a not very compactly 
arranged eircle around the central core of sense cells. 

In Pecten , the papillae are essentially of the same structure, but 
smaller. The bunch of sense cells is reduced to eight, while there is 
only one large gland-like cell. 

In Lima , there are no sense papillae, but the long tentacles contain 
rings of sensory and gland cells, with smooth intervening spaces, which 
cause a jointed appearance. Some of the gland-like cells are enormous, 
and are usually arranged in twos; between their outer ends is a minute 
sense cell ending, externally, in a tuft of stiff hairs, and inwardly 
in a long fibre. The sense cell is therefore enclosed in a circle of two, 
large gland cells. 

In the organs of taste, and in the sense organs of the lateral line, 
the sense hair cells are usually arranged in groups, surrounded by 
circles of large gland-like cells, often called support cells. The almost 
constant, if not universal association of these gland cells, with sensory 
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ones renders it certain that they have an important physiological func¬ 
tion to perforin. 

The gland cells in Mollusea contain a transparent substance which 
expands enormously when brought in contact with water ; — I believe 
that they also possess the power to absorb to a great degree 
gases or other substances held in solution. It has been suggest¬ 
ed that the slime cells are closely united with sense hairs so that the 
slightest irritation would cause the immediate secretion of the slime, 
which might have a poisonous property. This explanation sounds fairly 
reasonable when applied to the Mollusea; but it loses its force when 
applied to the sense organs of the lateral line, or to the organs of taste 
in the Vertebrates. Whatever effects this absorption has upon the 
gland cells, causing contraction or expansion, or concentration of the 
foreign gases or fluids, — could then be transmitted to the adjacent 
sense cells. It is difficult to imagine just how an odor, a gas, or any 
foreign substance held in solution . would affect a sense cell , but they 
surely do affect them in some way, causing distinct sensations. If we 
had certain cells placed around the sensory one, for the absorption of 
these gases or fluids, then the effect would be intensified, or much 
smaller quantities of foreign matter would cause sensations. If this be 
true, then one of the sense papillae of Haliotis, or groups of cells in 
Lima , might be compared with an ommatidium. In both there are central 
sense cells surrounded by pigmented, or glandular ones, for the absorp¬ 
tion, and therefore intensification, of that particular form of vibration 
for which the organ is developed. 

It is extremely difficult to express in words the difference between 
a respiratory , or locomotive cell, which is simply irritated to renewed 
activity by the presence of irritating substances in the water, and one 
which is a pure sense cell, or destined simply for the reception of such 
stimuli, which are then transferred to other cells. But we may say that, 
in general, all cells are susceptible to stimuli from without. 
Each one may receive directly only stimuli enough to sus¬ 
tain its own vital processes; when, however, it receives 
more stimuli than are necessary, the surplus being trans¬ 
mitted to other cells, it becomes a sense cell, or a cell 
specially adapted for the reception of stimuli. 

Animals receive stimuli, or energy, in various forms; from the sun, 
sound, movements and chemical compounds, and they have various 
forms of organs for the reception of each form of energy. Plants, how- 
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ever, have but one kind of dynamopliagous organ, i. e. chlorophyll, which 
absorbs only solar energy. 

The fully developed eyes of the Vertebrates, and higher Inverte¬ 
brates, bear the same relation to the isolated ommatidia that the highly 
developed organs of smell and hearing* do to the isolated tactile and 
olfactory hairs of the lower Invertebrates. In both cases the functional 
perfection of the fully developed organ depends, primarily, upon the 
accumulation of the constituent elements at definite localities and their 
coincident, progressive development; and secondarily, upon the addi¬ 
tion of organs for the accumulation or intensification of the vibrations 
to be transmitted to the seat of perception. In the lower forms, as in 
theCoelenterates, the sense organs, ocelli, otolithic sacs, olfactory pits, 
and sense hair papillae, or tentacles, are mainly confined to a narrow 
ring surrounding the digestive tract. As we have said, the acquire¬ 
ment of certain properties by certain cells of a colony necessitates the 
loss in a corresponding degree of other faculties. But this loss is, on 
the other hand, made good by the special development in neighboring 
cells of those properties lost by the other, and a loss of those it had 
gained. The dynamopliagous, and hylophagous faculties were the first 
to be specialized. The latter cells were, by the laws governing segment¬ 
ation, confined to the so-called vegetative pole, while, immediately 
around them, was formed a ring of sensory cells, increasing in sensitive¬ 
ness according as the vegetative cells lost this faculty. As this sensory 
ring was more specialized, its cells became modified in different direc¬ 
tions for the reception of various forms of energy, or irritants, giving 
rise, in close proximity to each other, to ocelli, otolithic sacs, olfactory 
pits, and sense hair eells. 


The almost universal presence, in all kinds of eyes, of some re¬ 
flecting body showing the greatest variety in structure and origin, in¬ 
dicates that it must have some very important function to perform in 
the process of vision. Just as pigment, the reflecting body or argen- 
tea. may be found in two different localities, where the part it has 
to play must be essentially different. For instance, reflecting membranes 
may be found outside the eye, as in Fishes, Cephalopods, Worms etc. 
or within the eye, behind the retinidia. In the first instance they 
serve, instead of pigment, for the exelusion of lateral rays of light. 
The latter they have another purpose, that of reflecting the light so that 
it passes a second time through the nerve fibrillae of the retinidia; in 
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other words the argentea, instead of absorbing-, like pigment the rays 
of light, reflects them, so that the intensity of the light irritation is doub¬ 
led. The argentea has, then, a function not necessary for the percep¬ 
tion of light and it may be absent or present according to the habits 
of the animal. Nocturnal ones, which must make the most of the little 
light at their disposal, are consequently well provided with the reflect¬ 
ing surfaces. Those fishes which are best provided with rellectors are 
either nocturnal, or live in deep water where there is little light. 

Many animals, as Canlium , Area and Pee ten, are provided with 
numerous eyes, rather for the reception of great quantities of light than 
for fine destinetions of its gradation. Such animals are likewise pro¬ 
vided with reflecting surfaces for collecting and economizing the light. 

In the very simple, isolated ommatidia, the central cell is colorless, 
and beneath the retinidium is a layer of refractive granules which, as 
we may easily see upon a superficial examination, act as minute reflec¬ 
tors to the rays of light which have passed the overlying retinidia. We 
have here the explanation of the almost universal absence of pigment 
in the retinophorae , and the predominance which their retinophorae 
have acquired over those of the pigment cells. 

The brilliant sparkle of the faceted eyes of Area is due to the layer 
of refractive globules at the base of the retinophorae. In Peeten the 
rods are reversed, and it is therefore impossible for the retinophorae to 
act as reflectors; therefore a single but large, cellular reflector, the ar¬ 
gentea, is formed back of the rods. In this case, the argentea has be¬ 
come so perfectly developed in its reflective powers and curvature that 
rays of light, forming inverted images upon the rods, are perfectly re¬ 
flected by the argentea, and again brought to a focus so as to form a 
second image upon the first (PI. 32, fig. 149). It is extremely 
probable that the argentea of the Vertebrate eye fulfils the same 
function as that of Peeten . 

Just as the formation of inverted images upon the retina is an in- 
cidental result of the best c o n c e n t r a t i o n of light upon a given surface , 
so is the formation of a second image by the argentea an incidental 
result of the most perfect reflection of the light. It is also worthy of 
notice that both the reflected and incident rays are approximately parallel 
with the rods through which they pass, and therefore parallel with the 
axial fibres, but at right angles to the fibrillae of the retinidia. 

In the Insecta and Crustacea, the frequent presence of the swelling 
at the base of the retinophorae, or the pedicel, composed of alter¬ 
nating layers of differently refractive plates, the arrangement of whose 
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surfaces is so admirably adapted for reflecting light, indicates that they 
may have a function similar to that of the argentea. This supposition 
is strengthened by the fact that such structures are often found in noc¬ 
turnal Insects. 

The views expressed concerning the function of the argentea were 
the result of the direct observation of a second image in the retina of 
Pecten. I inspected all the more probable sources in hopes of finding 
some hint as to the function of the argentea in other animals, but with¬ 
out success. Even in the large Physiology of Hermann, in W tede ns- 
heim s Comparative Anatomy of the Vertebrates, and in the Histological 
text-books, 1 could find no hint or reference to the subject. After my 
notes upon the argentea were completed , Prof. Dohrn very kindly 
called my attention to Leuckart’s summary in the Handbuch der 
Augenheilkundc of Graefe and Saemiscii, p. 21$, where he speaks of 
the argentea as intensifying the light effect, in that it causes the same 
ray to pass twice through the same rod. Although there is an agreement 
between these views, which appear to have been neglected by later wri¬ 
ters, and those expressed above, concerning the ultimate effect produc¬ 
ed by the argentea, i. e. to intensify the light irritation, there is a 
radical difference in the manner in which we believe such an effect is 
produced. According to the view elucidated by Leuckart, first ex¬ 
pressed by Brucke 52a) and subsequently repeated by Helmholtz 
(52b; a ray of light once entering a rod could not leave it on account of 
the different refractive indices of the cortical layer of the rod and the 
axial portion ; each rod would be acted upon by an incident and re¬ 
flected ray, both following approximately the longitudinal axis of the 
rod. According to this view, then, since the rods are pa¬ 
rallel with each other, all the incident and reflected rays 
would also be parallel, and n either an incident nor a re¬ 
flected image could lie formed! That such an effect does not ob¬ 
tain is evident from the fact that a second i mage is actually formed by 
the argentea of Pecten , proving that the rays of light do no t become pa¬ 
rallel owing to the reflection caused by the sheath of the rod. In Pecten , 
at least, the rods form a perfectly continuous layer : the difference be¬ 
tween the refractive index of the axial core and that of the rod sheath 
is, in all probability, produced by the differentiating effect of the rea¬ 
gents. That these changes are probably artificial and post-mortem is 
shown by examining the fresh retina, or lens, when it will be seen that 
the difference between the refractive indices of the nuclei, cell walls, 
and protoplasm, is so slight as to produce no disturbing optical effect. 
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The difference between the refractive index of the nuclei and that of 
the surrounding* bodies is greater than that between the sheaths of the 
rods and their axial cores; but the light passes without any disturbing 
efleet through several layers of large nuclei and thick cell walls, so 
that it is uot probable that the rods, which arc much more homogene¬ 
ous, would cause any breaking up of the rays of light. 

As we construe the facts, the result would be that the rays of light 
from any external object arc brought to a focus upon a definite niveau 
in the layer of rods, and there act upon a certain layer of cross, retini- 
dial fibrillae, producing at that point an impression of an image; the 
divergent rays then impinge upon the concave argentea, and, by re¬ 
flection, come again to a focus in exactly the same place as before, and 
therefore upon exactly the same set of cross fibrillae. In all parts of 
the rod layer, except at the common points where both incident and 
reflected images are formed, no distinct impression will be produced 
except that of light. 

Chapter VII, Item arks upon the Classification of Eyes. 

The facts and deductions stated in the foregoing pages tend to 
show that all eyes consist of ommatidia, upon the construction and 
arrangement of which depends the perfection of the eye. Therefore any 
classification of eyes should be founded upon the modification of the 
ommatidia. But it is certain that many complex eyes have originated 
independently, in very limited groups of animals. Therefore we can 
classify eyes, (1) as organs which attain essentially the same ends by 
various means. Such a classification would entirely ignore the genetic 
relation of the animals possessing the various types of organs. (2) We 
may classify eyes — having principally in view the genetic relationship 
of their possessors. On account of the frequent, independent develop¬ 
ment of eyes in closely related forms, the latter method cannot be 
logically applied except in restricted groups, and even then with con¬ 
siderable uncertainty. 

Grenacher (39) is inclined to lay great stress upon the fact that 
the retina in Cephalopods and Ileteropods is single layered. His ar¬ 
guments in favor of his opinion are remarkable ones. He says, p. 216: 
»Am pragnantesten gebe ich vielleicht dem scharfen Gegensatz, in 
dem ich mich darin zu meinen Vorgiingern finde, dadurch Ausdruck, 
dass ich tiberhaupt eine »Scliichtung« der uns bier beschaftigendcn 
Retina nicht anerkennen kann. und den Gebrauch dieses Wortes als 
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inadaquat dem wirklichen Saehverhalte verwerfen muss. Der Aus- 
druck ist ein Uberbleibsel einer irrigen Auffassung and Deutung der 
Beobachtungen, dalier bci der Einfuhrung einer neuen, besseren, zweck- 
miifiig vbllig zu cassiren; mag er flir die Wirbeltkierretina auch uocb 
so gut am Platze sein, bier, wie iiberhaupt bei Evertebraten, ist er es 
nicbt. ATan lialte es niclit fiir bloBe Wortklauberei , wenn icb ilm be- 
seitigt wiinscbe: die Wortc des wissenscbaftlicben Sprachgebrauches 
sollen docb ein moglichst richtiges Bild, nicbt aber falscbe Vorstellungen 
von den Dingen, die sie zu bezeicbnen haben, geben. — Ein Beispiel 
wird wobl am besteu zeigen, aus welchen Grundeu icb den Ausdruck 
beanstandc. Siebt man einer aufgestellten Reike Menschen, etwa 
Soldaten, entlang, spricbt man da von einer »Scbicbt« Kopfe, einer 
Brust-, Baucb-. Bein-»Schicht«? Genau so, wie bier Kopf, Brust, 
Bauch und Beine integrirende Bestandthcilc derjenigen Individuali- 
taten sind, aus denen sicli die ganze Rcibc zusamnicnsetzt, genau so 
sind aucli die Zellenschicht. Pigmentscbicbt, Stabchenschicht nur ge- 
bildet aus Ditfcrenzirungsproducten derjenigen Einkeiten, aus denen 
sicb die Retina aufbaut: der Eetinazcllen.« 

lie lias made a most excellent comparison, but unfortunately for 
him it proves just the opposite of wbat he desired! According to this 
comparison, the different zones are formed by the different parts of 
exactly similar cells: that is if there is a rod layer, a pigmented 
layer, etc., there should be a corresponding part in each and 
every cell. That is, every cell should have a rod, a pigmented band, 
a colorless portion etc. This be knows is absurd and cannot be true, for 
in the Arthropods there are several rows of pigment cells; some secrete 
rods and some do not, and again some are colorless and give rise to 
the crystalline cones. In Limuhis and Scorpio, Laxkester lias proven 
that there are two or three layers of pigment cells which secrete no 
rods, while there are colorless cells which do. In the Cephalopods and 
Heteropods he has just taken especial pains to demonstrate that there 
are two destinct and widely different kinds of cells present, some pro¬ 
ducing the rods, and the others, according to him, secreting the limiting 
membrane. If he will take the pains to refer to Hexsex's excellent 
work (12), he will find that the retina of Pecten consists of two distinct 
parts, an outer layer of ganglionic cells, and an inner one consisting 
of the retinophorae bearing the rods. These facts are sufficient to show 
that Guexaciiek’s stand on the subject has been poorly chosen. I 
cannot agree with him, for my own observations tend to show that in 
all Molluscan eyes, except the faceted ones of Area , there is a tendency 
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for the retinulae, or pigmented cells to lose their rods, and become 
transformed into ganglionic ones. According as this process is more or 
less complete, we have a greater or less tendency to form layers of re¬ 
tinulae, ganglionic cells, and retinophorae. 

It is difficult to give any satisfactory definition, covering all cases, 
of a single or double layer of cells. Compound layers may obviously 
arise in two wayfc by folding, or by delamination. He who would re¬ 
gard the retina of Cephalopoda, Heteropods, and Pccten , for instance, 
as a single layer, must do the same for the retina of the Vertebrates 
(not including the choroidea). If we regard the retina of Vertebrates 
as single layered, because it originated from a single embryonic layer, 
then we would have the same right to say that the brain consists of a 
single layer of cells. We would also have to regard the entire omma- 
teum of the compound Arthropod eye, together with its underlying optic 
ganglion, as forming a single layer, since both have originated from a 
single row of hypodermic cells. But both of these extremes lead to an 
evident absurdity. The retina of the Cephalopods or Heteropods is 
no more formed of a single layer of cells than the optic ganglion and 
ommateum of the Arthropod eyes: the latter represent an extreme con¬ 
dition of the same kind of change that is going on in the eyes of 
Cephalopods, Pccten , or Vertebrates. In all sensitive layers, a dela¬ 
mination of the single row of embryonic, hypodermic cells, into sense 
and ganglionic ones, takes place. In Cephalopods for instance, the 
delamination has resulted in the production of the optic ganglion and 
the retina, both of which are never entirely separated from each other. 
The retina then undergoes still further delamination, in that some of 
its cells become ganglionic, but without being separated any distance 
from the true sense cells. The retina in Vertebrates has undergone an 
exactly similar process. The separation of the retina from the optic 
ganglion (the thalamencephalon) takes place very early, and is modified 
by secondary changes. A further delamination of the primitive retina 
into several layers gives rise to numerous strata of ganglionic cells, 
which only differ from those of the brain in that they are not so far re¬ 
moved from the true sense cells. The same process has occurred in 
Pectcn , as well as in Haliotis. except that in the latter ease the number 
of ganglionic cells closely united to sensitive ones is very small. In 
Arthropods, the delamination of the single row of primitive, hypoder¬ 
mic cells early gives rise to the optic ganglion and ommateum, all the 
ganglionic cells being removed from the ommateum to the optic gang¬ 
lion. An ommateum therefore consists entirely of sense cells and pro- 
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tective ones, or retinnlae; the arrangement of the cells is necessarily 
such that there is no room for ganglionic ones. This applies to the 
compound eyes of Area as well as those of Crustacea and Insects. 
In the ommatenm, there is a very marked effort to from a single 
layer, since each of the retinnlae and retinophorae, although greatly 
enlarged at varying levels, invariably extend from the inner to the 
outer surface of the ommatenm. But still in the strictest sense it can¬ 
not be regarded as a single layer, since it contains also the nerve 
fibres, which must be considered as the outer ends of ganglionic cells 
originally situated between the ommateal cells. 

We shall attempt to follow the ommatidia in their various phases 
of modification. 

Among those hcliophagons organs less specialized than the omma¬ 
tidia, may be mentioned chlorophyll, the red eye spots of zoospores and 
of Protozoa; the ill-defined red, yellowish or black pigment spots found 
upon the general epithelium, or upon the tentacle tips of larval Echino- 
derms, Worms etc.; the red, orange, or black, star-shaped chromato- 
phores of many Crustacea and Coelenterates; the chromatophores of 
Cephalopods, and the beautifully radiating pigment cells so commonly 
found in the larvae of pelagic fishes. Although the highly complicated 
Cephalopod chromatophores, the development of which shows that 
they have several points of resemblance to the ommatidia, may be 
useful as protective organs, it docs not follow that this is their only 
function, neither could it have been their principal, or original one, for 
on this supposition we can give no satisfactory explanation of their ori¬ 
gin. It is more than probable that they still act as heliophags, and that 
their protective function is an incidental and secondary one. 

There are often very extensive deposits of pigment at the outer 
en ds of epithelial cells in Molluscs, and therefore in j list 
those places where the rctia terminalia are most abun¬ 
dant. When the pigment serves a purely protective purpose, it is 
deposited at the inner ends of the cells, as in the iris of Pecten, A still 
farther differentiation is produced by the development, at certain, limited 
areas, of a clear space beneath the very outer layer of the cutieula; 
this space contains the greater part of the retia terminalia, while just 
beneath is the stratum of pigment. 

Beginning with a simple pigmented layer, ommatidia arise by the 
formation of pigmented cells around a central colorless one provided 
with a nucleolated nucleus. Such organs undergo the following changes: 
(1) they collect at certain points to form ommateal tracts; (2) the color- 
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less cells, or retinophorae, become double, and acquire axial nerve 
fibres; (3) the retiuidial cuticula becomes thickened, and over each cell 
divides into segments, the rods, containing* specialized parts of the retia 
terminalia; and (4) the retinophorae develop argentinulae. Groups of 
such ommatidia may remain upon an even snrface, or become in- 
vaginated; in either case they form a re tin earn (e.g*. pseudo-lcnticulate 
eyes of Area or Haliotis). If both the retinulae and retinophorae retain 
their rods, which form a continuous layer, a primitive retineum is 
produced (e.g. Haliotis ). If the retinulae still retain their pigment, but 
lose their rods, a secondary retineum is formed (Ileteropods and 
Alciopidae): this is a condition prior to the formation of a retina. If 
the ommatidial tract becomes convex, the retinulae lose their rods and 
form a protective ring around the highly developed rods of the retino¬ 
phorae. The rods, therefore, no longer form a continuous layer, and 
an om mat earn is produced (compound eyes of Area). 

In all Molluscs the rods retain their primitive, terminal position. 
Arthropods are characterized by the frequent presence of axial rods, 
the terminal ones being found only in the simplest ocelli. In the latter 
case the ommatidia form invaginate retinea which may without other 
change be gradually converted into an invaginate oinmateum , by the 
development of axial rods in the retinophorae (Spiders, Scorpions and 
Limulus). In the latter genera, the retinophorae increase to five or ten 
in number. By the evagination of the cup-like ommateum, this form 
reaches its highest perfection, giving rise to the compound eyes of In¬ 
sects and Crustacea; during this process, the retinophorae of each 
ommatidium increase to four in number. 

By the great development of the retinophorae and their rods, and 
the conversion of the retinulae into colorless, ganglionic cells, a retina 
is formed ( Pectcn and Vertebrates). The latter always contains a great 
many ganglionic cells in intimate association with the retinophorae. 
In a retineum, there are very few ganglionic cells; in the ommateum 
there are none. 

In a retina, the inverted position of the rods is due to the devel¬ 
opment of the outer wall of the optic vesicle, instead of the inner. 

Some of the more important groups of ommatidia may be arranged 
in the following manner; 
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Technique. 

Notwithstanding the fact that a considerable number of workers 
have given their attention to the study of the eyes of Pecten and related 
genera, no progress in our knowledge of these interesting organs has 
been made sinee Hensen published his studies upon the eyes of the 
Cephalopoda; indeed many points, clearly demonstrated by him, were 
by later writers entirely overlooked. 

If we have made any addition to the knowledge of this subject, it 
is only because the treatment to which the tissues are now subjected 
allows us to demonstrate with ease what , twenty years ago , would 
have been impossible. As it required much time and patience to find 
a reagent with which the eyes could be properly preserved, it will, 
perhaps, not be amiss if I should describe the methods by which the 
results given above have been obtained. 

In the study of the various components of these complicated 
organs, it was necessary to resort to different methods for the study of 
different parts; no one treatment was found by which all the facts 
given could be observed. Almost any of the ordinary reagents would 
preserve sufficiently well the cells of the cornea, iris and lens. More 
care in the choice of fixing reagents was necessary for a proper treat¬ 
ment of the outer ganglionic layer and the retinal cells, while it was 
only after repeated trials of all the reagents at my command, with 
their various combinations and methods of application, that I was, at 
last, enabled to obtain the rods, with their complex network of gangli¬ 
onic fibres, in a tolerable state of preservation. 

The eyes of Pecten have been studied fresh, as well as by means 
of sections and maceration. The principle underlying my whole method 
of treatment, when sections have not been used, has been to harden 
the tissues a very little, and then macerate. After staining in 
picro-earmine, which I consider in such cases to be better than alcoholic 
solutions, the isolated eells are examined in a medium with a very 
low index of refraction; either distilled water or the macerating 
fluid. When I desired to keep the preparations for further study, 
I was obliged to use acetate of potash, a good preserving medium with 
alow index of refraction, but for soft macerated cells, it must be used 
with great care, for it often causes considerable shrinkage. 

The young Pectens , from 1 to 3 mm long, were thrown into a 
mixture of equal parts of concentrated sublimate and piero-sulphurie 
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acid, and, after being 1 fixed, were washed in 35, and 70^ aleohol. The 
shells are then opened and the edges of the mantle dissected out with 
needles. In this manner, the shape of the mantle is retained, whereas 
if removed before hardening it becomes very much eoiled and twisted 
by the reagent. If now one tries to cut the curved mantle edge, itwill 
be a mere chance if aeeurate cross sections are obtained. Moreover, 
one is never sure of getting sections of eyes in the desired stages. To 
save time, I eut each mantle edge, according to its size and curvature, 
into three or four pieces, which arc then tolerably straight. As many 
as 20 or 30 of these pieces, after being stained etc., are transferred 
to a watch-glass full of melted paraffine. With a little care, 10 or 12 
pieces, with their long axes parallel, may be arranged in a bundle on 
the bottom of the watch-glass. After cooling, the bundle may be cut 
out and sectioned »in toto<r. 

Weak solutions of sulphuric acid in sea water (15 drops to 30 grams) 
have been used with good results: the only drawback to this reagent 
is the difficulty of getting a sharp stain. KleinenbercAs alcoholic 
haematoxylin seems to give the best results. There are difficulties in 
using sulphuric acid: for it is necessary to fix the mantle while still 
attached to the shell, so that crystals, seriously interfering with the 
sectioning, are precipitated upon the tissues. Some of the sections were 
examined in balsam, others in glycerine or acetate of potash. A large 
number of sections both of young and adult eyes were mounted in 
Sandarack dissolved in absolute alcohol. For fibrous structures and 
very fine nerves, it gave good results on account of its low index of 
refraction, but at the end of two or three weeks the sections were abso¬ 
lutely worthless. 

In order to study the very complex structure of the adult eye, it 
was found necessary to resort to a different reagent for almost every 
component of the eye. A great deal of time was spent in trying to 
discover some method by which good sections could be obtained, show¬ 
ing, at the same time, all the various structures. 

One of the most useful reagents was chromic acid 1 ; the most 
varied results were obtained by different methods of application as 
regards strength, time of action, and temperature of the solution, or by 
various combinations of all three. For instance chromic acid of 7 2 o to 
Vs %> for 30 to 40 hours, utterly failed to give any conception of the 


1 All solutions of chromic acid were made from a 1% solution in distilled 
water, subsequently diluted with sea water. 
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structure of the rods , while other parts of the retina, and of the eye 
itself, were well preserved: but when allowed to act for half an hour, 
at a temperature of from 50 to 55° C., the most perfectly preserved rods 
with their nervous networks were obtained, while, on the other hand, 
the remaining* tissues became so granular and homogeneous as to be 
unfit for study. Chromic acid, 7io%> when allowed to act from one to 
three or four days, did not give good results, whereas, if the eyes were 
placed in ‘/io% for half an hour, in order to kill them, and then left 
for twenty-four hours in x j 2 o % chromic acid, and twenty-four hours 
more in 7io%> and finally for forty-eight to sixty hours in 7:>%> the best 
results, as regards a good fixation of all the parts of the eye, were ob¬ 
tained. 

For the cornea and general epithelium, piero-chromic acid gave 
the best results. In such preparations, the teeth of the eornea and 
of the pigmented epithelium may be most easily seen. 

The lens is best prepared for sections by either sulphuric, or piero- 
sulphurie acid ; by the first reagent, the shape is best retained, and the 
lens itself is less liable to be drawn away from the surrounding tissue; 
the latter reagent, however, brings out more sharply the configuration 
of the cells, and allows a better stain of the nuclei to take place. 

Treatment with chromic acid, 75% f° r twenty-four hours, gives 
the best result for the layer of nervous fibres just below the septum, 
and also for the outer layer of ganglionic cells and their fibrous pro¬ 
longations. In order, however, to study to the greatest advantage the 
arrangement of these fibres, the retinophorae should be somewhat 
shrunken ; this can be done by treating the eyes for two or three days 
with 7s % chromic acid. 

The retinophorae are well preserved by nearly all the reagents ; but 
either in sublimate, or in picric acid, or in their combinations, they be¬ 
come slightly granular, and remain so closely packed that it is difficult 
to distinguish the cell boundaries. Chromic acid, by which the cells 
are somewhat shrunken, gives preparations in which the boundaries 
and general arrangement of the retinophorae may be most easily 
studied. 

The rods with their retinidia, and the subjacent vitreous net¬ 
work, are best prepared by treatment with 7 5 % chromic acid at 
50° C. , for { / 2 an hour. The wall of the rod remains clear and 
glassy, but slightly tinged with yellow. The central core is less 
refractive, and with good light the nervous network may be easily 
seen. I was for a long time greatly puzzled to understand certain 
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structures observed in retinas macerated in weak sulphuric acid. 
This treatment usually eats off the ends of the rods, which first be¬ 
come longitudinally striated, or fibrous, leaving the basal ends at¬ 
tached to the retinophorae. Between the remnants of each rod, could 
then be seen a short, conical projection, attached to the pseudo-mem¬ 
brane. For a long time I regarded these structures, which showed great 
regularity in shape and position, as a set of cones similar to those of 
the Vertebrate eye, and belonging to the long and slender retinophorae. 
But by treatment with hot chromic acid the cones had disappeared, and 
1 finally discovered that they were produced by the sulphuric acid, which 
coagulated the external nerve fibres of the rods, causing them to adhere 
to the pseudo-membrane in the shape of the conical projections referred 
to above. All reagents, applied in whatever manner, caused a dis¬ 
arrangement of the rods, so that, in most eases, the whole retina was 
drawn away from the sclerotica toward the centre of the eye, leaving 
a larger or smaller space between the bases of the rods and the ar- 
gentea. When hot chromic acid of 60° C., or picro-sulphuric acid of 
the same temperature, was used, the effect was nearly obviated, baton 
the other hand, the relations of the retina, lens etc., to each other were 
greatly disturbed. In order to obtain the best preparations, with all the 
parts in the most natural position, it is necessary to kill the eyes first 
with VioVo chromic acid for ! / 2 hour, then allow them to remain in 
chromic acid, V 2 % for 24 hours; 7io% f° r 24 hours; and finally 7r>% 
for 48 hours or more 1 . Next to this method, I think that solutions of 
sulphuric acid (20 drops to 50 grams) give the best preparations for 
every thing except the rods. 

The double layer of the sclerotica, and the fibres penetrating it, 
can be seen in sections of eyes treated for 24 hours in 7r>% chromic 
acid. Besides these methods almost all the other reagents have been 
tried, in different combinations and at different temperatures, but 
with poor results. 


Maceration and dissection. 

For isolation of the pigmented epithelial cells, and the cells of the 
cornea, weak solutions of Muller’s fluid, or bichromate of potash, gave 
excellent results. For the maceration of all other elements, I have used 

1 The smaller eyes of other species of Pecten are much more easily prepared, 
but, on account of their small size, are not so good for stud} r . 
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either weak chromic, or sulphuric acid. For the outer ganglionic cells, 
which are very difficult to isolate, maceration in 7;>o% chromic acid 
gave excellent results, after previously fixing the tissue in t / 5 % for a 
few minutes. 

For the retinophorae, 720 % chromic aeid for 4 or 5 days proved 
very useful. 

Treatment with sulphuric aeid, 5 drops to 30 grams of sea water, gave 
the very best results for the nerve endings in the retinophorae,— not in 
the rods — and for the nervous, inner prolongations of the outer gang¬ 
lionic cells. It was only by prolonged maceration, twenty days or more, 
that the inner ganglionic cells could be separated from the retinophorae. 

In order to isolate pieces of the cornea with the subjacent pseudo¬ 
cornea and the circular fibres on the outer surface of the lens, it is 
better to macerate the eyes in sulphuric acid. In the same way, the 
lens, which, by this treatment, retains to perfection its natural shape, 
may be dissected out and studied to advantage. 

It is necessary for the study of the circular retinal membrane, the 
septum, and the retina itself, to isolate the latter intact. Maceration in 
chromic acid either makes the retina too brittle, or too inconsistent, 
while the nerve fibres of the axial nerve branch remain so firmly 
attached to the retina that it is difficult to isolate it without injury. But 
this maybe easily and successfully done by maceration, for I or 2 days, 
in a weak solution of sulphuric aeid. By this treatment, the retina, to¬ 
gether with the septum and circular retinal membrane, remains in¬ 
tact, while its connections with the wall of the eye are so weakened that 
there is little difficulty in detaching the retina entire. 

The color of the red pigment layer is destroyed by all reagents 
except sublimate: but after it is onee fixed in this manner, it is not 
altered by any subsequent treatment. 

In Pecten Jacobaeus . it is only possible to isolate the retinophorae 
by maceration; by treating with hot chromic aeid. their rods may be 
isolated without the cells. 

By macerating the small eyes of Pecten opercnlaris in rather strong 
sulphuric aeid, the entire retinophorae together with the rods may be 
isolated, giving very instructive preparations. 

The peripheral, outer ganglionic cells may be seen by macerating 
the eyes for 24 or 48 hours in sulphuric acid, and then studying the 
outer surface of the isolated retina. 

The argentea may be very easily separated in large sheets, by 
macerating for 4 or f> days in bichromate of potash. 

Mittheilungen a. d. Zoolog. Station zu Neapel. Bd. VI. 
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Sulphuric acid lias proved to be a most valuable macerating, as 
well as preservative reagent. In weak solutions (40 drops to 50 grams 
entire Molluscs, without the shell, have been kept in a perfect state of 
preservation for more than six months. For cilia and nerve endings, 
it is exceptionally good. Besides preserving the lens, which may sub¬ 
sequently be isolated in perfect condition, it has been of great value 
in isolating the entire retina , the different layers of which may then 
be studied »in toto«. 

[n the study of the eyes of Area as well as those of Peelunculus , 
I have had special recourse to maceration of the eyes either in 
Muller’s fluid or chromic acid. I find that the use of undiluted 
Muller s fluid for 24 hours gives more satisfactory preparations than 
a weak solution for a longer period. Chromic acid ( l /5%) for 10 or 
12 days gave most of the preparations from which my drawings of the 
nerve endings were made. I have found that a few drops of acetic and 
osmic acid added to distilled water give a very energetic macerat¬ 
ing fluid for the epithelium of marine Mollusca. It was in prepara¬ 
tions made in this way that I first observed, in the compound eyes 
of Area , the very delicate continuations of the inner ends of the pig¬ 
mented cover cells to the outer surface. My studies upon this sub¬ 
ject have convinced me of the very great importance of a thorough 
control over a good method of isolating the cells. I have not found 
any method by which all the structures of the cells could be equally 
well preserved: it was, therefore, necessary to use several different 
macerating fluids in order to discover the effects of each fluid upon the 
individual elements, so that by comparison we might distinguish 
between the pathological and normal characters. Besides preparations 
of isolated cells, l have studied sections of the mantle edge fixed in 
picro-chromic-osmic (Fol), and chromo-acetic-osmic acid, as well as 
in picro-sulphuric acid. 

Die Redaction erlaubt sich zu pag. t>87 cine Amnerkung. Wabrend des 
Dnickes dor PATTEx’sehen Arbeit batten die Herven Paul Mayer und Wilh. 
Uiesbreciit die bier seltcne Gelegenheit, 3 groGe lebende Exemplare von Euphau- 
s ia 1 £ mit Embryoncn) zu nntersueben. Isolirte und wall rend der Beobachtung 
mit dem zusammengesetzten Mikroskope untcr dein Deckglase zerquetsebte Brust- 
augen leuchteten stark; das Licbt strablte hoelist wabrscheinlicb vom Stiibehen- 
biindcl aus. Bin unverletztes Thier wurde in der Riickenlage mit Ammoniaklosnng 
gereizt; sofort traten siunratliche sog. Angen als eben so viele leuclitende Pnnkte 
bervor, wabrend der Rest des Korpers dunkel blieb. Etwa 1 2 Minute lang leuchteten 
die Brnst- und Bauchorganc iiuGerst lebbaft, die Organe in den Stielen der zu- 
sammengesetzten Augcn scbwacber; selbst ini Ilalbdnnkel waren die blaugriinen 
Licbtpunkte mit bloGem Auge deutlicli sichtbar. Die Angaben von Sars erfahren 
bierdurcb eine Bestiitigung. 
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Explanation of the Plates. 

Plate 28. 

On the Development of the Eyes o t Pec ten opercularis and Pecte/i pusio. 
ag l . outer layer of argentea. 
off 1 , inner » » » 

b.b. basal, or axial, branch of optic 
nerve. 

b. s. blood sinus. 

c . cornea. 
e.g. cuticular gland. 

c.op.v. cavity of optic vesicle. 
cp.n. circumpallial nerve. 

c. t.c. connective tissue capsule of the 

eye. 

cu. cuticular covering of the shell. 

d. c.r . inner row of ganglionic cells. 

d.m. depressor muscles of the eye. 

R Eye. 

g.c. ganglionic cells. 
hj. hypodermis. 

hy.c. hypodermis core of young eye. 
i. iris. 

/. lens. 

Fig. 1. Section through the mantle edge of a young Pecten opercularis (2 nun long) 
in the neighborhood of the hinge. The ophthalmic fold is not developed 
in this region; on the side next the branchial cavity, the wall is thrown 
into several ciliated folds, a, of which the outer is characterized by pecu¬ 
liar tufts of cilia over each cell. 

Fig. 2. Section through the median part of the mantle edge of P. opercularis (5 mm 
long). At the summit of the ophthalmic fold is a problematical cell x\ 
at g, is one of the minute transitional and invaginate eyes. 

Fig. 3. Section through the mantle edge, near the hinge, of P. opercularis (2 mm 
long), showing the thickened folds, a, on the branchial side of the 
mantle, and the bilobed ophthalmic fold, o.f. 

Fig. 4. Section through a young eye of P. opercularis , showing the first stages in 
the development of the optic vesicle, already surrounded by the connec¬ 
tive tissue capsule, into the retina, argentea and tapetum. Cam. Ilart. 
obj. 7, oc. IV. tube out. 

Fig. 5. Section through a more advanced eye of P. opercularis , in which are shown 
the first traces of the lens, /, the thickened retinal layer, r, the inner and 
outer layers of the argentea, ag x and ag 1 , and the tapetum, ta. The iris 
has made its first appearance as a ring of pigment grannies, i. Cam. obj. 
XX. Leitz, oc. III. 

Fig. 6. Section through the mantle of P. varins, showing a young sensory tentacle, 
with the rudiments of the tentacular nerve formed by the prolife- 


l.b. lateral, or ganglionic, branch of 
the optic nerve. 
n.f. nerve fibres. 

n. r f. nuclei of the retinophorae. 

o. f. ophthalmic fold. 

op. a. optic nerve. 

pg. pigment. 

ps.c . pseudo-cornea. 
r. retina. 

rh. rods. 

r.ui. rector muscles of the eye. 

r. v. rete vitrosum. 

s. septum. 

sc. sclerotica. 

s.c c. outer layer of ganglionic cells. 
sh.f. shell fold of the mantle. 
s.L suspensory ligament. 

s. pu. sensory papilla. 

t. tentacle. 

la. tapetum. 

v. velum or velar fold of the mantle. 
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Fig. 7. 

Fig. 8. 
Fig. 9. 

Fig. lo. 

Fig. 11. 

Fig. 12. 

Fig. 13. 
Fig. 14. 

Fig. 15. 

Fig. 15a 
Fig. 10. 


ration of the hypodermic cells, x; at the summit of the papilla is a speci¬ 
ally large tuft of sense hairs. The cuticula over the summit of the oph¬ 
thalmic fold was unusually thick. Cam. ITart. obj. 7, oc. II. 

Section through the mautle edge of P. opercular is, showing the develop¬ 
ment of a tentacle, t, between the ophthalmic fold and the eye; s.pa., is a 
pigmented sense hair papilla which occupies the usual position of the 
young eyes; x, one of the problematical cells which occur at regular in¬ 
tervals along the summit of the ophthalmic fold. 

A pigmented sense hair papilla whose sense cells, y.c.are being transform¬ 
ed into ganglionic ones. 

Section through the mantle edge, near the hinge, of a young P. opercularis. 
The ciliated ophthalmic fold has been divided by the tentacle, t , into two 
parts; a , thickened ciliated folds on the branchial wall of the mantle. 
Section, at right angles to the edge of the mantle, through an almost com¬ 
plete eye of P. pusio. The vitreous network is much thicker than in the 
adult, and the two layers of theargentea still contain a few flattened nu¬ 
clei. At x, are many remarkable fibres, the remnants of the primitive 
nerve fibres, fig. 4 u.f ., which penetrate the sclerotica and pass up to the 
rods. Cam. Hart. obj. 5, oc. IV.; tube out 1 in. 

Section through the ophthalmic fold and eye papilla of a young P. oper- 
cularis. At luj. the hypodermis, by proliferation, has given rise to the 
hypodermic core, which, later, will give rise to the optic vesicle; some 
of the cells, r/.c. are separating themselves from the others to form gang¬ 
lionic cells, which always remain connected with the core by means of 
nerve fibres. Cam. H. obj. 7, oc. IV. 

Section through the ophthalmic fold of P . pusio ; the proliferation of the 
hypodermic cells has given rise to a solid core of cells; mesodermie cells 
have grown round the core forming the connective tissue capsule, c.t.c. 
Some of the cells of the core have wandered into the underlying tissues 
to form ganglionic cells, one of which is represented, y.c. Cam. H. obj. 7, 
oc. IV. 

Section, near the hinge, of the mantle edge of a young P. opercularis , 
showing the remarkable modification of the ophthalmic fold into a thick- 
walled ridge, the cilia having disappeared. Cam. H. obj. 5, oe. IV. 
Section of the ophthalmic fold of a very young P. opercularis (1 mm long); 
the summit of the fold is imperfectly forked and is covered with un¬ 
usually long cilia; at the base, is a very young optic papilla. The nuclei 
are scanty at y, while at hy.c. they are two or three deep, showing the first 
stages in the formation of an hypodermic core. Cam. II. obj. 7, oc. IV. 
Section through a highly developed fold, similar to those marked a iu 
figs. 1, 3 and 9, from the branchial wall of the mantle of a young (2 mm) 
P. opercularis. The cilia are extraordinarily long and their proximal ends 
arc continued as fine lines a long way into the protoplasm. Cam. H. obj. 
5, oe. IV. 

A more magnified section of the peripheral part of the thickening, show¬ 
ing the thick and beaded cuticula, containing the pores for the passage 
of the cilia. 

Section through the ophthalmic fold of a young P. opercularis . Showing 
an optic papilla with a half formed hypodermic core from which some 
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cells are separating themselves to form ganglionic cells, g.c. The young 
eye lies in a pigmented furrow at the base of the fold. Cam. H. obj. 7, 
oc. IV. 

Fig. 17. Section through a nearly perfected eye of P. opercular is. All the parts, 
except the rote vitrosum, are formed; the scattered nerve fibres, which 
had not united to form an optic nerve, are not represented ; at y are the 
small dark bodies found in the fibrous layer at this period, and which 
, later' disappear. 

Fig. 18. Section through the ophthalmic fold of a very young P.pusio, 1 mm long, 
showing the double-Iobed fold, o.f., and the slight thickening, x, of the 
hypodermis to form the first rudiment of the eye; a ganglionic cell, g.c. 
is already separating itself from the hypodermis. 

Plate 29. 

The Anatomy of the Eye of Pectoi Jacobaeus and Pecten varius. 


ag. 

argentea. 

Lb. 

lateral branch of the optic nerve. 

a/ . 

» outer layer. 

m.b. 

terminal membrane of the retino¬ 

ag*. 

» inner » 


phorae. 

ax.f . 

axial nerve fibre. 

m.t. 

median teeth of the corneal cells. 

b.c. 

blood corpuscles. 

n.f. 

nerve fibres. 

b.b. 

basal brauch of optic nerve. 

n.)f. [ nuclei of the rod-bearing retino- 

b.s. 

blood sinus. 


phorae. 

c. 

cornea. 

n.rf* 

nuclei of the short, pseudo-retin- 

c.f.l. 

circular fibres of the lens. 


ophorae. 

cl. 

eiliaris. 

op.n. 

optic nerve. 

c.m. 

circular membrane of the retina. 

ps.c . 

pseudo-coruea. 

c.n.f. 

circular nerve fibres of the rods. 

ps.rf. 

pseudo-retiuophorae. 

c.t.c. 

connective tissue capsule of the 

S. 

septum. 


eye. 

rf. 

retinophorae. 

cu . 

cuticula. 

r f‘ l 

pseudo-retinophorae. 

d.c.c. 

inner row of ganglionic cells. 

r fL 

radiating nerve fibrillae of the 

ex.f. 

external nerve fibres of the rods. 


rods. 

f-rf> 

fibrous prolongations of the reti¬ 

rh. 

rods. 


nophorae. 

r.c. 

rete vitrosum. 

g.c. 

ganglionic cells. 

sc. 

sclerotica. 

i. 

iris. 

s.c.c. 

outer layer of ganglionic cells. 

i.t. 

inner teeth of the corneal cells. 

s.L 

suspensory ligament of the lens. 

Lax/' 

. loop of the axial nerve. 

ta. 

tapetum. 


l.ax./.- nerve loop connecting two axial 
nerves. 

Fig. 19. Section of a fully developed eye of P. Jacobaeus, perpeudicular to the 
edge of the mantle. 

Fig. 20. A constructed drawing of two rods, from the retina of P. Jacobaeus, to¬ 
gether with the distal ends of the rctinophorae, showing the two inner 
ganglionic cells, d.c.c., and their fibrous prolongations, exf., to form the 
external nerve fibres of the rods; ax.f. is the axial nerve fibre of the 
retinophorae, giving rise, in the rods, to many cross fibrillae. Many of 
the fibrillae unite to form, in the rod, circular fibrillae around the core; 
from the circular fibrillae arise other minute fibres, continued outwards to 
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the surface of the rod, where they unite with the smaller branches of the 
external fibres. The axial fibres are continued through the end of the 
rod, dividing into the two axial loops, l.ax.f. 1 and l.ax.f: 1 One loop unites 
two axial fibres , while the other extends along the external wall of the 
rod. At x. is a clear vesicle, often present at that point. At the distal 
ends of the rods the branches of the external nerve fibres unite with each 
other to form the loops of the external nerve fibres. 

Fig. 21. A fragment of the rete vitrosum of P. Jacobaeus, treated with hot chro¬ 
mic acid, 55° C. The hexagonal meshes form a kind of crown for each 
rod; at the confluence of the bars there is a spike, <1 , which projects a 
short distance between the rods; b is one of the spikes seen from above ; 
a is a portion of the network beneath the psendo-retiuophorae. 

Fig. 22. A flake of rods from the retina of P. Jacobaeus, seen from their inner ends ; 

treated with hot chromic acid for one half an hour, at 55° C. One sees the 
two loops of the axial nerve fibres, and many smaller fibrillae. Cam. 
homog. iius. obj. 20. Leitz, oc. III. 

Fig. 23. Isolated lens from the eye of P. varius, treated for 24 hours in weak sul¬ 
phuric acid; at« l and a 2 , one sees two specially well, defined rows of cir¬ 
cular fibres, and at s.l., the collection of fibres to form the suspensory 
ligament. The lens is attached to the septal membrane by a nucleated 
mass of fibres, l.l. and y. , many of which extend over the surface of the 
lens, .r; at y are radiating and circular fibres of the outer surface. 

Fig. 24. A cross section of a rod from the retina of P. Jacobaeus , showing the 
axial nerve, the radiating and circular fibrillae of the retinidium and the 
external nerve fibres. 

Fig. 25. Cross section through the distal ends of the retinophorae with their axial 
fibres ax.f. and showing two for the inner ganglionic cells d.c.c. with 
several nerve fibres on the surface for the retinophorae ; rf. 1 is one of the 
very slender, fibre-like retinophorae often found in the retina of P. Ja¬ 
cobaeus. 

Fig. 26. Cross section through the proximal ends of the rods of P. Jacobaeus, show¬ 
ing the axial fibres with the radiating rctinidial fibrillae; at x, is a sec¬ 
tion through the thin, structureless septum, separating the retinophora 
from its rod. 

Fig. 27. A median, cross section through the rods of P. Jacobaeus. 

Fig. 28, A still deeper cross section, belonging to the same series as that of figs. 

2b and 27, through the distal ends of the rods. At ex.f. one sees sections 
of the loops of the external nerve fibres. 

Fig. 29. Section through the outer layer of the argentea, showing the thin mem¬ 
branes composed of minute, square plates with bevelled edges. 

Fig. 30. Surface view of a portion of a membrane composing the argentea. 

Fig. 31. An isolated, corneal cell of P. Jacobaeus with the median teeth m.t., and 
the inner ones v.t., some of which are drawn out into fibres, x. 

Fig. 32. A portion of a retina of P. Jacobaeus , isolated entire and seen from the 
under side; a — d represent successive layers of cells seen by varying the 
focus; a , the inner layer for the retina; the fibres, with their node-like 
swellings on the periphery, representing the membrana circularise the 
nuclei, circnlarly arranged, lie just beneath the circular membrane. At b, 
are the swellings of the pseudo-retinophorae, fig. 38, n. rf. 2 y containing 
a nucleus surrounded by a clear space; at c, one sees the two sets of 
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nuclei belonging to the retinophorne. Atd, the large, circularly arranged 
peripheral cells of the ganglionic layer, together with the circular fibres 
of the septum. 

Fig. 33. Two isolated cells from the outer ganglionic layer. The end of one is 
drawn out into many nerve fibres c.r. which formed a part of the fibrous 
layer of the retina; x is a ganglionic cell with two fibrous prolongations, 
a , extending towards the rods ; the end, ft, was connected with the gang¬ 
lionic nerve branch ; it gives off two lateral branches which divide into 
minute fibrillae spread out over, and attached to, the wall of the neigh¬ 
boring cell; u.f. is a single nerve fibre, extending from the ganglionic 
nerve branch to the rods. 

Fig. 34. An entire retinophora, from the median part of the retina of P. Jacohacus, 
with its two nuclei, a and ft, and axial nerve fibres, ax.f . 

Fig. 35. A short and thin retinophora, from the periphery of the retina of P.Jaco- 
b iieus. 

Fig. 36. Two retinophorae, witli nerve fibres from the ganglionic layer, y. One of 
the nerve fibres n.f. terminates on the wall of a large retinophora in se¬ 
veral fine branches surrounded by a circular one; ft, is the second nucleus 
of a very slender retinophora from the median part of the retina. (Macerat¬ 
ed in weak sulphuric acid.) 

Fig. 37. A detached flake of corneal cells seen from their inner ends, showing the 
serrated walls, and the circular fibres underlying the cornea. T. Jacobacu*. 

Fig. 38. Section through the peripheral portion of the retina of 1\ Jacohacus, show¬ 
ing the continuation of the outer ganglionic layer, beneath the outer 
edge of the nucleated septum with its circular fibres, to the very edge of 
the retina; one sees the continuation of the retinophorae with the fibres 
of the axial nerve branch; the membrana circularis, cm,, the ganglionic 
cells y./. 1 and y./. 2 with their fibrous prolongation towards the rods , and 
the rete vitrosum r.v. ; one also sees the double layered sclerotica, con¬ 
tinuous with the septum; and the tapetum and double argentea, con¬ 
tinuous with the retina. (Through carelessness, the two layers of the 
sclerotica have been reversed; see PI. 30, fig. 39.) 


Plate 30. 


ax.f. 

J axial nerve fibre. 

cx,n. 

external nerve fibres. 

ax.n. 

iu.c. 

invaginate eye. 

ay. 

argeutinula of a retinophora. 

fee- 

faceted eye. 

ay. x 

outer argentea of Vecicn . 

a'J-' 2 

inner » » » 

<JC. 

ganglionic cell. 

be. 

bacillus. 
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b.m. 
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nerve fibres. 
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blood sinus. 
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dermis. 


phorae. 
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corneal cuticula of the eye. 
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aborted nucleus of the retino 
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nerveless cuticular cap of rcti- 


phorae. 


nnla. 

of. 

ophthalmic fold. 
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circumpallial nerve. 

am. 

ommatidium. 
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r.c. 

retinidial cuticula of the general 

rt.s. 

retinidial sheath. 


hypodermis. 

r.v. 

vitrosum. % 

r.c. 1 

retinidial cuticula of the eye. 

sc. 

sclerotica. 

rh. 

rods. 

sc . 1 

outer layer of sclerotica. 

rhJ 

and rh. 2 , halves of the rod. 

sc 2 

inner » » » 

rf. 

retinophorae. 

sh.f. 

shell fold of the mantle. 

rt. 

retinulae. 

sl.c. 

slime cells. 

rt. x 

outer retinula. 

ta. 

tapetum. 

rt. 2 

inner retinula. 

V. 

velum. 

r.t. 

retia termiualia. 

v.b. 

vitreous body. 


Fig. 39. Section through the tapetum , argentca and double layered sclerotica of 
Jacob aeus ; one sees the problematical fibres (degenerate nerve 
fibres?) with the spindle-shaped swelling in the sclerotica. The inner 
layer of the argentea contains a degenerate nucleus. 

Fig. 40. A detached, peripheral piece of the septum of V. Jacobaeus, showing the 
fibrous-like projections upon its inner surface, a. 

Fig. 41. A portion of the anterior mantle edge of Area barbata , showing the com¬ 
pound eyes situated in the triangular, pigmented areas ; the latter also 
contain a number of isolated ommatidia. Four of the eyes are united to 
form two pairs. The single, as well as the double, eyes are situated in 
slight depressions, represented by the light rings, upon the summits of 
gentle elevations. 

Fig. 42. Section through an invaginate eye of Area barbata. The double-layered 
cuticula c.c. and r.c. is continued over the retineum, where the retinidial 
layer, r. c., becomes greatly thickened to form the retinidial layer, r.c. 1 
of the eye. This layer, r.c. 1 , is not distinctly divided into segments, or 
rods, for each cell. One may follow the nerve fibres of the retinidial 
layer between the cells, and through the basal membrane, b.m. Below 
the retineum are several slime cells, sl.c. 

Fig 44. Section through the ophthalmic fold of Area barbata, showing a faceted 
eye, omt., and immediately below it, an invaginated one. 

Fig. 44. A highly magnified eye of Area Noae. The dark circles represent the co¬ 
lorless retinophorae, through which one sees the black pigment of the 
inner row of cover cells. The refractive, lens-like bodies seen on the pe¬ 
riphery, are the protuberant rods of the retinophorae. 

Fig. 45. Section through the ophthalmic fold and eye of Pectunculus. One sees the 
nuclei of the inner and outer row of retinulae, or cover cells, and the nuc- 
leolated ones of the retinophorae, n.rf. The double rods of the retinopho¬ 
rae, rk , are also seen, somewhat shrunken by the reagents, with their 
inner faces represented either as simple , or double concavities. In this 
instance some of the fibres had united to form a distinct optic nerve op.n. 
Blood cavities are specially numerous in those parts of the ophthalmic 
fold where there are many eyes. 

Fig. 46. Surface view of an invaginated eye, in.e. , and of isolated ommatidia, 
om., from the median portion of the mantle edge of Area barbata. The 
invaginate eye is open and one sees several points of white light issuing 
from the refractive and colorless globules in the retinophorae. At x. is 
a group of three or four intensely black pigment cells, which, apparently, 
do not contain a retinophora. One often finds such clusters of cells in 
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Rig. 47; 

Fig. 48. 

Fig. 4 \). 

Fig. 50. 

Fig. 51. 
Fig. 52. 

Fig. 53. 

Fig. 54. 

Fig. 55. 
Fig. 50. 

Fig. 57. 
Fig. 58. 


sections, where they are particularly striking; they are often sunken be¬ 
low the surface to form minute pits. 

Represents a nearly colorless portion of the mantle edge of Area barbata , 
containing two faceted eyes and a nearly closed invaginate one. Around 
the eyes one sees numerous colorless cells, some of which are double, 
surrounded by pigment. They represent incipient ommatidia. 

A detached, double rod from the compound eye of Area Noae (macerat¬ 
ed in chromic acid 750%)- The division between the two halves of the 
rod, rh. x and rh. 2 , is well marked. To the sides of the rod are attached 
numerous nerve fibres from which are given olf many lateral branches 
that cling very tenaeeously to the surface ; the free portions of the fibres 
are covered with innumerable fibrillae. In this example the loops of the 
external nerve fibres were not visible. 

A detached pigment cell, with its rod, showing the large, basally situated 
nucleus, the root-like prolongations of the cells, and the external nerve 
fibres, ex.n. 

A colorless sense cell (incipient retinophora?) from the epithelium of 
Pectuneulm . The cutieula is very slightly developed and can hardly be 
said to form a rod; the nucleus is nucleolated and the base of the cell is 
drawn out into a single, long fibre. A nerve fibre, n.f. y extends along the 
wall of the cell, and is free everywhere except at its outer end where 
it is firmly attached to the cell wall. 

A peculiar, hyaline structure, which lliave observed several times among 
the isolated cells from the eyes and ophthalmic fold of Area Noae ; I can¬ 
not offer any suggestion as to its nature or origin. 

A nearly fresh retinophora (macerated for twenty four hours in Muller’s 
fluid) from the compound eye of Area Noae . It is a very instructive ex¬ 
ample, in that it shows with great clearness that the retinophora is com¬ 
posed of two cells, the outer ends of which remain ununited; the rods 
belonging to the halves are likewise perfectly distinct; in each half of the 
cell is a nucleus, that marked n.rf . 2 is the smaller, and more difficult to 
stain. 

An isolated pigment cell from the general epithelium of Pectunculus\ two 
long and comparatively large, nerve fibres are attached to the outer end 
of the cell. 

A section through one of the pseudo-lentieulate eyes of Area Noae. In 
this example the retiuenm is quite deeply invaginated; in other cases 
it is perfectly flat or nearly so. 

Section through the mantle edge of Pectunculus. 

Section through the mantle edge of Area Noae , showing the prominent oph¬ 
thalmic fold, o.f., upon the summit of which is situated a compound eye. 
A section of the mantle edge of Area barbata , showing a portion of the 
epithelium, highly magnified, with the vetia termi nalia of hypoder¬ 
mic nerve fibres. 

Section through the eye of Ilaliotis. The double layered cutieula has, 
over the retineum, divided into two very distinct layers; an inner 
one, rli., divided into distinct segments, or rods, containing a highly de¬ 
veloped part of the retia terminalia; and a second, outer layer, formed 
by the thickened corneal cutieula; the corneal layer is divided into two 
secondary parts, a semi-fluid inner portion, the vitreous bod)*, v.b., and a 
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harder, outer portion, or lens, l. At x. one sees a layer of minute, 
lightty stained bodies which may represent the swollen outer ends of the 
retinophorae (fig. G7). 


Fig. 59. A constructed drawing of an ommatidium from the faceted eye of 
Area Noae. One sees the double retinophora, containing two nuclei, and 
bearing two rods provided with a network of external nerve fibres, some 
of which form distinct, external loops, e.r.f., as in Pecten. At the base 
of the cell are the refractive globules, ag., forming an argentinula; within 
the cell, the axial nerve fibres, axf. The retinulae of the inner row are 
continued outwards as hyaline membranes, rt.s,, to form a retinidial 
sheath. The retinulae of the outer row are continued inwards as color¬ 
less stalks or bacilli, be. 

Fig. GO. An isolated retinula from the inner row, showing its colorless prolong¬ 
ation, rt.s., and the system of external nerve fibres, n.f., with which it 
is covered. The system of lateral fibrillae, similar to those seen on fig. G3, 
has not been represented by the lithographer. 

Fig. Gl. A fragment of the retinidium, fig. G3, x ., more highly magnified, and 
showing the continuity of the ultimate fibrillae. 

Fig. G2. An isolated retinula from the retineum of Ilaliotis. Cam. H. obj. 7,oc.IlI. 

Fig. G3. The outer end of a retinula of Ilaliotis ; the cuticular substance of the 
rod has been dissolved by treatment with glycerine and bichromate of 
potash, leaving the entire system of nerve fibrillae intact, x.\ the fibrillae 
of the remaining nerve branches have not been represented. The length 
of the unbranched nerve stalks has been, for convenience, reduced to 
one half. 

Fig. G4. A portion of the epithelium from the mantle edge of Area barbata , show¬ 
ing the extension of some of the larger nerve branches nf. to the very 
outer surface of the cuticula; the lateral fibrillae of these nerves may also 
be seen. Cam. obj. 20, Leitz, oc. III. 

Fig. G5. The inner end of a bacillus, belonging to a retinula of Ilaliotis (compare 
fig. GS be.), surrounded by several nerve branches, n.f., all of whieli are 
not represented in the figure. 

Fig. GG. An isolated retinophora ( Ilaliotis ) with the two nuclei n.rfA and n.rf. 2 ; 

a remarkably instructive preparation since in this instance the outer end 
of the cells is divided into two stalks, x. , which represent the unfused 
ends of the two primitive cells, by the union of which the retinophora 
was formed ; the body of the cell contains many refractive globules, ay., 
similar to those which form the argentinula in Area. Cam. obj. 20, Leitz, 


oc. III. 


Fig. G7. The most common form of retinophora, from Ilaliotis, containing two 
nuclei, but with the outer end of the cell single instead of double. Cam. 
obj. 20, Leitz, oc. III. 

Fig. OS. Two retinulae from the retina of Ilaliotis ; only a part of the rod, rh., 
with its constricted neck, is represented. At ye. is a retinula partly trans¬ 
formed into a ganglionic cell, but still retaining some of its pigment. 


Plate 31. 
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h.p(j. x —- bacilli of pigment cells py. 1 — 2 . 
e. 1 outer laj’er of corneal cuticnla. 
c.~ inner » » » » 

c.h. corneal hypodermis. 
c.ax.f . canal of axial nerve fibre. 

c. f. circular fibres around the open¬ 

ings in the basal membrane. 
r.t.f. connective tissue fibres. 

d. median division in corneal facet. 
d.b. diagonal bar of basal membrane. 
(I.f. divisions between corneal facets. 
ex.n.f. external nerve fibres. 

(j.c. ganglionic cells. 

1. lens. 

v.c. neck of the calyx. 

v.c.h. nuclei of corneal hypodermis 

cells. 

a./. nerve fibres. 
n.rf. nuclei of retinophorae (Sem¬ 

per’ s nuclei). 


n.rt. 

nuclei of the retinulae. 

o.py.i 

— o.pg 2 hyaline, onter continua¬ 
tions of pigment cells pg. ] — 2 . 

Vlh 

pigment. 

pi/.'— 

- 3 three circles of pigment cells. 

pg.c. 

pigmented collar of the calyx. 

2>d. 

pedicel. 

p.pi. 

primary plates of the pedicel. 

r.m. 

- 2 retractor muscles. 

rm. 

retinidial nerve fibrilIae. 

rt. 

retinulae. 

rt.s. 

retinidial sheath. 

s.'—i 

hyaline, outer ends of cells h * 2 , 

3 , 4, 5, o ;uu i 7. 

st. 

style of the retinophorae. 

sc.pl. 

secondary plates of the pedicel. 

st.pl. 

stalk of the pedicel. 

tv. 

tracheal branch. 

w.rf. 

cell wall of the retinophorae. 

1 — 7 

seven retinulae of Peuaeus. 


Fig. fit). 


Fig. 7fi. 


Fig. 71. 
Fig. 72. 


Fig. 73. 


Fig. 74. 


Fig. 75. 


Fig. 7fi. 


Onter end of an omniatidinm of Penacns ; x., is a peculiar shaped accu¬ 
mulation of thickened cell substance in which are imbedded the nuclei of 
the retinophorae; y. clear, refractive bodies often found in the onter row 
of pigment cells. 

A piece of the style of the retinophorae, containing the axial nerve fibre 
( Penaens ). 

The same with the external fibres. 

Longitudinal section through the pedicel of the retinophorae, showing 
the alternating plates with the fibres at right angles to each other; the 
pedicel rests upon the basal membrane by a delicate stalk which divides 
into four legs, representing the inner ends of the retinophorae. Onl}' the 
scalloped and median retinula, 1, is represented ( Penacns ). 

Two entire ommatidia from the e} 7 e of Penacns , showing the proportion 
of the different parts; especially the small size of the pedicel and enor¬ 
mous dimensions of the crystalline cone. At x. is a zone of coagulated 
semi-fluid substance. 

The inner end of a pedicel showing, in a semi-diagrammatic wa}’, the 
positions of the seven retinulae. 

Inner surface of the corneal cuticula, treated with boiling caustic potash, 
showing the divisions between, and the markings upon, the corneal facets; 
y probably represent the fibrous ends of or the markings produced by, the 
circle of cells surrounding the inner ends of the ommatidia (fig. 73, y. ; 
x. is a peculiar indentation always present in the centre of the facet 
(1. is a very faint line of division always corresponding with the line of 
division between the two corneal cells of each facet. 

Represents a portion of the inner face of the cornea to which the outer 
ends of the ommatidial cells are attached. In the area above, I, are seen 
the two nuclei of the corneal cells, c.h., and the ends of the four retino¬ 
phorae with their nuclei, n.rf.\ below III, onty the two corneal cells with 







752 


William Patten 


their nuclei are represented; the four armed figures, rt.s. , represent va¬ 
rious viewsof the hj^aline, outer ends of the inner circle of retinulae, 1—'7. 

Fig. 77. Is an enlarged drawing of the outer ends of the retinulae 1—7; at I, the 
membranous sheath is seen projected upon the figure, s.‘ 2 —s. 4 ; at II. the 
tube is beginning to break up into its component parts; at IV. this pro¬ 
cess is completed and we see only the seven outer, and isolated ends 
of the seven pigment cells which help constitute one of the membranous 
tubes (compare rt.s. fig. 79 etc.); s. 1 — 7 represent the outer ends of the 
inner circle of retinulae, fig. 74 etc. /—7; s. 1 — s.' 2 represents a single (?) 
piece the outer end of the large median retinula 1. 

Fig. 78. A section through the pigmented collar of four ominatidia. At the corner 
III., IV. and V. (representing a section through the inner portion of the 
collar) only the two eells 1 and pg .' 1 have pigment, while only the co¬ 
lorless bacilli be . 1 — 2 of the other two are seen; at II. the section is sup¬ 
posed to pass through the middle of the collar, where both circles of 
cells are well pigmented. 

Fig. 79. Section of an ommatidium of Tenaeus just below the collar, showing the 
pigmented prolongations of the two inner pigment cells pg.' 1 . Each ornina- 
tidium is surrounded by sixteen of these bacilli, but only four belong to 
one ommatidium, e. g., i, 2, 3 and 4. Each bundle of bacilli is surround¬ 
ed by a membranous sheath, rt.s. 

Fig. SO. Cross section of the ominatidia (Penaeus), towards the innerends of the rods, 
showing the two sickle-shaped thickenings of the walls of the retinophorae 
x.; these thickenings are striated, and contain horizontal nerve fibrillae. 

Fig. 81. Cross section of ommatidia ( Peuaeus ) below the rods. 

Fig. 82—88. Represent a series of cross sections taken at intervals from the inner 
end of the calyx fig. 82, to the inner end of the style fig. 88, all the sec¬ 
tions are placed in the same direction. 

Fig. 89—92. Represent four successive sections through the swollen ends of the 
seven retinulae: all the sections are placed in the same direction, and the 
cells are numbered like those of fig. 74. 

Fig. 93. Cross section through the middle of the pedicel, showing the arrangement 
of the seven retinulae, and the markings of the two s} 7 stems of plates. 

Fig. 94. Cross section through the inner end of a pedicel, passing through one 
of the primary plates; at this end of the pedicel one sees the axial nerve 
fibre exceptionally well. 

Fig. 95. Still deeper section of the pedicel, passing through a secondary plate, 
as is shown by the direction of the fibres. The dotted area around the 
retinulae in figs. 95—101, is occupied by a circle of cells, fig. 74 y., which 
are completely filled with fat-like crystals, not represented in the drawing. 

Fig. 96 — loo. Represent successive sections through the retinulae surrounding the 
the stalk of the pedicel; one sees that the two pairs of bacilli, be.' and be.' 1 , 
gradually move from the opposite sides of the ommatidia towards each 
other, one also sees, with especial clearness, the nerve fibres which sur¬ 
round each section of the bacilli. 

Fig. 101 A section of an ommatidium, just above the basal membrane; the reti¬ 
nulae have separated themselves from the stalk of the pedicel , but their 
general arrangement is thesame as before. One sees a few fibres, near be. x 
and be.' 1 , belonging to the outer part of the diagonal bar of the basal 
membrane. 
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Fig. 102. A diagrammatic representation of an imaginary primary and secondary 
plate of the pedicel, by a modification of which, the actual plates, as they 
exist in Penaeus, could have arisen; the dotted line, a, represents the 
change necessary to transform the Hat plates into ones like those seen in 
figs. 103 and 104. 

Fig. 103. A diagram of a primary plate; the fibres extend from a. to b,; at a. should 
be an indentation to receive a fold of the pigment cell, 1. (compare 
figs. 72 and 93). 

Fig. 104. A diagram of a secondary plate; the fibres extend from c. to d., therefore 
at right angles to those of fig. 103; each plate is divided into two parts by 
four planes which form an angle, the apex of which lies in the middle of 
each side of the plate, but is directed in one way on one side, and .in the 
opposite direction upon the other; each piece (not strictly a half) then 
consists of four smaller and equivalent, but not identical pieces, for the 
two upper ones are images of the two lower, while the two right hand 
pieces are bevelled on one side, and the two left hand pieces on the oppo¬ 
site. Therefore of the eight pieces composing such a plate only two of any 
of the four kinds are identical. 

Fig. 105. Diagram of two primary and two secondary plates of the pedicel of Penaeus. 

Fig. 10G. Diagram of the basal membrane of Penaeus, seen from the upper surface. 

Each cross is a thickening in the membrane, and lies directly beneath an 
ommatidium; the axial nerve of each ommatidinm penetrates the centre 
of each cross. Each cross, and therefore each ommatidium, has a capital 
letter while the ends of the seven retinulae are marked with small letters 
similar to the large letter of the cross to which they belong. At E . and 

II. the unseparated retinulae are projected upon the cross to which they 
belong (compare figs. 97—100); in all other cases the retinulae have taken 
their respective positions in the corners of the square spaces or holes 
separating the crosses. 

Fig. 107. Four crosses of the basal membrane oi Penaeus, seen from the under side; 

to the centre of each cross are attached several connective tissue fibres e.t.e. 
In one corner of each cross isashallow pit, into thebottom of which opens 
the canal for the axial nerve, c.ax.f. 

Fig. 108. Diagrammatic representation of the retinulae, the bacilli, and the nerve 
fibres, of each ommatidium; the continuation of the cells below the basal 
membrane represents the bundle of nerve fibres which goes to the base 
of each cell. The drawing represents an imaginary section of the diagram 
fig. 10G, through the points x. and y. The cells and their nerve fibres are 
lettered to correspond with fig. 100. 

Fig. 109. A diagrammatic section of the nerve bundle going to the openingsII. and 

III. of the basal membrane represented in fig. 106. (Compare the letters 
of these two nerve bundles with those of figs. 108 and 106 , II. and III. 

Fig. 1 lo. Highly magnified and partly diagrammatic view of a basal membrane cross 
with the ends of the retinulae and bacilli upon it. 

Fig. 111. Inner end of an isolated bacillus with the surrounding nerve fibres. 

Fig. 112. Longitudinal section through the tentacle-tip of Cardium edule. 

Fig. 113. Less highly magnified tentacle of C. edule , showing the pigmented cap at 
the tip, and the lateral fold x. 

Fig. 114. Corneal facets of Galathea , to one of which are attached the corneal cells 
which constitute a kind of iris; the centrally sitnated nuclei are snrround- 
Jlittheilungen a. <1. Zoolog. Station zu Neapel. Bd. VI. 50 
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ed by a fold, which can probably be modified in shape by the radiating 
fibres; the latter are attached to a thickened ring, x. } at the periphery of 
the cells; at a., is a simple facet with a median division; the corneal cells 
have been removed (fresh). 

15. Corneal facets of Palaemon , seen from inner surface (maeeration in 
Muller’s fluid). The outer ends of the four retinophorae and their nuclei 
are seen at n.rf.\ in each facet are two small nuclei belonging to the cor¬ 
neal cells; the light colored bars probably represent the thickened, outer 
ends of the inner row of rctinulae. (Compare figs. 76 and 77 s. and r.ts.) 

16. Seven corneal facets of Galathea\ the middle one is remarkable on account 
of the distinctness with which it is divided into two halves, the line cor¬ 
responding to the division between the two corneal cells. 

17. Strongly macerated pedicel of Palaemon , showing its continue with the 
inner end of the style which has separated into four pieces. 

18. Two ommatidia from the eye of Mantis, the right hand one is seen in 
section, and the other in surface view. 

19. Cross section through the middle of the calyx of Mantis ; the axial walls 
of the four cells are seen at x.\ within each cell is a bundle of large nerve 
fibres from which arise innumerable lateral fibrillae which undoubtedly 
stand in direct continuity with the longitudinal fibres upon the outer sur¬ 
face of the calyx, w.rf.\ the four retinophorae are surrounded by a delicate 
membranous sheath, rt.s . 

Fig. 120. Cross section of the calyx of Mantis , just above the pigment cell, pg 3 , 
fig. 118. 

Fig. 121. Section through the calyx of Mantis at the level of the pigment cell, pg. 3 

fig. 118. One sees six nuclei of the yellowish brown cells, pg . 2 , fig. 118; 
the axial walls of the four rctiuophorae are reduced to a single, median one. 

Fig. 122. Section through the neck of the calyx of three ommatidia from Mantis. One 
sees with distinctness that the style contains a bundle of f o u r a x i a 1 nerves. 

Fig. 123. Section of three ommatidia (Mantis) just below pg. 3 fig. 118, and through 
the outer ends of the three longest retinulae. (Compare fig. 89.) 

Fig. 124. Section through an ommatidium, showing the seven retinulae surrounding 
the style which contains an axial nerve bundle of four fibres; the outer 
wall of the style is surrounded by six nerve fibres. 

Fig. 125. Section through the inner end of an ommatidium; the cell wall of the re¬ 
tinulae cannot be distinguished; the pigment is only confined to a nar¬ 
row circle around the style. Around the retinulae are sections of seven or 
eight bacilli belonging to the pigment cell, pg.*, 2 — 3 fig. 118. One cannot 
distinguish at this point the division of the axial bundle into four fibres; 
around the bundle are six nerve fibres. 

Fig. 126. Cross section through the outer part of the basal membrane of Mantis, 
showing the nucleated connective-tissue walls surrounding the canals, 
through which passes a nerve bundle to each ommatidium. 

Fig. 127. Longitudinal section through the basal membrane of Mantis ; the inner 
boundary of the membrane is much denser than the remaining parts, and 
might easily be mistaken for a basal membrane’, while the outer canal- 
hated portion might be mistaken for a part of the ommateum. 

Fig. 128. Highly magnified section through the outer end of the style and neck of 
the calyx, showing the sheath, rt.s. and the axial nerve bundle from which 
arise numerous lateral fibrillae. 
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Fig. 120. Outer end of one of the crystalline cone cells (retinophora), isolated by 
maceration, showing the system of external nerve fibres (Palaemon). 

Fig. 130. The same seen from the abaxial surface. 

Fig. 131. Style of Palaemon (macerated), with the external nerve fibres. 

‘Fig. 132. Same seen in optical section, showing axial nerve with lateral fibrillae. 


Plate 32, 


ax.n. axial nerve. 

he. bacillus. 

h.m. basal membrane. 

c.c. corneal cuticula. 

c.c.c. crystalline cone cells. 
c.lnj. corneal hypodermis. 
ex.n. external nerve fibres. 

(j.c. ganglionic cells. 

n.f. nerve fibres. 

n.rf. nuclei of retinophorae. 
n.rf 3 nucleolatcd nucleus of retino¬ 
phorae. 

n.rf . 2 aborted nucleus of retinophorae. 

pd. pedicel. 

pg . pigment cells. 


pg. x r? first, second and third circle of 
pigment cells. 
rf. retinophorae. 

innermost ends of crystalline 
cone cells, or retinophorae. 
rh. rod, or crystalline cone. 

rt. retinula. 

r^. 1 , 2 , 3 hyaline continuation of the re- 

tinnlae. 

st. style of the retinophorae, or ciys- 

talline cone cells. 
v.l. vitreous cell layer. 

v.h. vitreous body. 

v. crystalline cone, or vitrella. 


These diagrams show, among other things, ommatidia and ocelli in various 
stages of modification. They are drawn partly according to the observations of 
Grenacher, Lankester, Graber and Carriere, and partly according to my 
own. Where direct observations were wanting, the ommatidia and ocelli 
were constructed according to deductions from my own observations. 

Fig. 128. Diagram of an ommatidium, with the corneal facet and its cells, from a 
compound Arthropod eye. The pedicel, walls of the retinophorae and the 
style have been drawn in red for the sake of clearness, in all other cases 
the red indicates nerve fibres; x. is the refractive division between ad¬ 
jacent facets; a. that between the halves of each facet; y. thickening of 
abaxial wall of calyx, often, but notalways, present; the crystalline cone 
may be present or absent, but it can never fuse with the facet, as is sup¬ 
posed to be the case in Lampyris. 

Fig. 12Sa and 128b are cross sections through the calyx and middle of the style, 
respectively. 

Fig. 129. An ommatidium from a compound eye, constructed according toGRENA- 
cher’s statements; he does not recognize the corneal hypodermis, and sep¬ 
arates the eye into two layers at hmA\ the dotted line, y. , shows the 
position of the crystalline cone when it appears to be absent. 129a is a 
cross section of the retinulae, showing the seven (or four) rods which 
they are supposed to secrete. 

Fig. 130. One of the isolated ommatidia from the general hypodermis of a Mollusc. 
Fig. 131. Two ommatidia from a vertebrate retina (without the outer ganglionic 
layers). 131a, is a cross section of the rods. 

Fig. 132. Ommatidium from a Molluscan retineura. 

Fig. 133. Ommatidium from the compound eye of Arcaor Pectiinculus; the retinulae 
pgd — 2 have lost their rods, as is the case in all the succeeding diagrams, 
and serve only to protect the rod of the retinophorae or become trans¬ 
formed into ganglionic cells. 

Fig. 134. Ommatidium, with an overlying portion of the vitreous layer, corneal 
hypodermis and corneal lens, from a larval insect ocellus. 
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Fig. 135. Same, with cross section, from the anterior ocellus of a spider. 

Fig. 13G. The same, from ocellus of Scorpio. 

Fig. 137. The same, from posterior ocellus of a Spider. 

Fig. 138. The same, from the compound eye of Insects and Crustacea. 

Fig. 139. Two retinophorae from the retina of Cephalopods, with the ganglionic 
cell g.c., producing the external fibres of the rods, and the axial nerve 
fibres, ax.n .; the body of the retinophora (or retinal cell of Grenaciier), 
contains two nuclei. 

Fig, 140. Two retinophorae with their ganglionic cells, from the retina of Peeten, 
showing the loops of the axial, and external, nerves of the rods, the two 
nuclei of the retinophorae, and five characteristic forms of ganglionic 
cells; h.m. basal membrane or septum of the eye; x. a nerve fibre termin¬ 
ating on the small ganglionic cell y-c. 5 - } s. and;/, two methods of nerve 
endings upon the cell wall of the retinophorae. 

Fig. 141. Ancestral Arthropod eye. 

Fig. 142. E}U 3 of Peripatus. (Modified from Carriers.) 

Fig. 143. Ocellus of Myriapod. 

Fig. 144. Same of larval Insect. 

Fig. 145. Ocellus of Scorp>io\ only one ommatidimn is represented. 

Fig. 14G. Posterior ocellus of Spiders. 

Fig. 147. Diagram of compound eye, constructed according to Grenaciier. 

Fig. 148. Diagram of compound eye to illustrate its origin at a modified single 
ocellus (compare fig. 14G). 

Fig. 149. Diagram of the eye of Peeten to show the formation of a second image over 
the first; the ra 3 T s of light from a.h. form a curved, inverted image upon 
the layer of rods, x.y .; but the rays of light diverging from xaj. are reflect¬ 
ed by the curved mirror ay. (the argentea), and come again to a focus at x. 
y.\ with the microscope one sees the less distinct, second image at x.y.K 

Fig. 150—152. Three drawings to show the supposed method by which the eyes of 
Peeten originated; fig. 150 an open cup, the retineum of which consists 
of rodless retinulae, arranged in two layers,/n/. 1 — ? , and of colorless and 
double retinophorae. Fig. 152, the cup has elosed, and the anterior wall 
of the vesicle has become most highly developed, while the rods of the 
posterior wall, rh. 1 , nearly disappear; the basal membrane, fig. 150, h.m.' 
forms the septum. Fig. 152, some of the nerve fibres have united to form 
two branches, those which supplied the floor of the primitive cup remain 
isolated n ./. 1 and probably give rise to the fibres, with spindle-shaped 
swellinfis, which penetrate the sclerotica, and tapetum; PI. 30, fig. 39, 
x. ; the rods of the posterior wall of the optic vesicle form the vitreous 
network of the adult, v.r. 

Fig. 153. Diagram representing the transformation of a neuro-epithcl cell, b., with 
its nervous prolongation, x., into a bipolar ganglionic one, e., and finally into 
a multipolar ganglionic one/. 1 and/. 2 ; a., is a myo-epithel cell with its 
root-like and radiating fibres which unite to form a basal membrane ; c.c. 
is the corneal cntieula, and r.c. the retinidial euticula, containing the retia 
terminalia of the hypodermic nerves; y. } and h. } represent modifica¬ 
tions of hypodermic cells, with their retia terminalia, to form the omma- 
tidia of an invaginate and compound Mollusean eye. 


Druck von Breitkopf & Hartel in Leipzig. 


